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SUMMARY 

An e x p e r i m e n t a l   i n v e s t i g a t i o n  of a subson ic   round  j e t  i n j e c t e d   f r o m  a f l a t  
plate i n t o  a s u b s o n i c  crosswind of t h e  same tempera ture   has   been   conducted   in  
the   Lang ley  V/STOL t u n n e l .   V e l o c i t y   a n d   p r e s s u r e   m e a s u r e m e n t s   i n   p l a n e s  per- 
p e n d i c u l a r  to t h e   p a t h  of t h e  je t  are p r e s e n t e d  for n a n i n a l  j e t  i n j e c t i o n  
a n g l e s  of 4S0, 60°, 75O, 90°, and 105O a n d   f o r  jet/cross-flow v e l o c i t y  ratios 
of 4 and 8. These   ve loc i ty   measurements  were o b t a i n e d  for the   purpose   o f  
i n f e r r i n g   t h e  properties o f   t h e   v o r t e x  pair t h a t  is a s s o c i a t e d   w i t h  a j e t  i n  
a cross flow. Jet c e n t e r l i n e   a n d   v o r t e x  trajectories are determined  and f i t  
w i th   an  empirical e q u a t i o n   t h a t   i n c l u d e s  the  e f f e c t s   o f  j e t  i n j e c t i o n   a n g l e ,  
je t  core l e n g t h ,   a n d   j e t / c r o s s - f l o w   v e l o c i t y  ratios.  

INTRODUCTION 

A V/STOL a i r c r a f t   i n   t r a n s i t i o n   f r o m   h o v e r  to c o n v e n t i o n a l   f l i g h t  w i l l  
e n c o u n t e r   a n   i n t e r f e r e n c e   e f f e c t   b e t w e e n   t h e  jets p r o v i d i n g   d i r e c t   l i f t   a n d   t h e  
a e r o d y n a m i c   s u r f a c e s   o f   t h e   a i r c r a f t .   T h i s   j e t / a e r o d y n a m i c - s u r f a c e   i n t e r f  er- 
ence   causes  a loss of l i f t  and a n o s e u p   p i t c h i n g  moment o n   s p e c i f i c   a i r c r a f t  
c o n f i g u r a t i o n s   ( r e f s .  1 t o  5). One of the  impor tan t  tasks i n  V/STOL aerodynam- 
ics is to develop  a q u a n t i t a t i v e   d e s c r i p t i o n  of je t /aerodynamic-sur face   in te r -  
f e r e n c e   e f f e c t s   a n d   t h e i r   i n f l u e n c e   o n   t h e   p r e s s u r e   d i s t r i b u t i o n   a n d   a e r o d y -  
n a m i c   c o e f f i c i e n t s  of V/STOL a i r c r a f t .  

A r easonab le   app roach  to  such  a complicated problem is to s t u d y   t h e  sim- 
plest c o n f i g u r a t i o n   t h a t   r e t a i n s   t h e   e s s e n t i a l   f e a t u r e s   o f   t r a n s i t i o n   f r o m  
hover to  c o n v e n t i o n a l   f l i g h t .  The j e t / ae rodynamic - su r face   i n t e r f e rence  problem 
has   thus   mot iva ted   numerous   s tud ies   o f  a round  subsonic  j e t  of a i r  d i s c h a r g i n g  
through a l a r g e   f l a t  p la te  i n t o  a uni form  subsonic  cross f low of t h e  same tem- 
p e r a t u r e  (refs. 6 to  1 8 ) .  One such   s tudy   has   been   conduc ted   i n   an   expe r imen ta l  
p rog ram  in   t he   Lang ley  V/STOL wind  tunnel .   The  pr imary  goal  of t h i s  program w a s  
to p rov ide   expe r imen ta l   i n fo rma t ion  upon  which to base the   deve lopnen t  of models 
t h a t  would be used to  p r e d i c t   t h e  effects of je t / f la t -plate  i n t e r f e r e n c e .  Mea- 
s u r e d   p r e s s u r e s   o n   t h e   f l a t  plate are p r e s e n t e d   i n   r e f e r e n c e  19  fo r   pe rpend icu -  
lar  j e t  i n j e c t i o n   o v e r  a range  of  jet/cross-flow v e l o c i t y  ra t ios  from 2 to  10. 
Measured velocities i n   t h e  je t  plume a r e   p r e s e n t e d   i n   r e f e r e n c e  20 for perpen- 
d i c u l a r  j e t  i n j e c t i o n  for a range of v e l o c i t y  ratios fram 3 t o  10. Based on 
ve loc i ty   measurements ,  a c o n t r a r o t a t i n g  pair o f   d i f f u s e  vortices has  been  iden-  
t i f  i e d  as a dominan t   f ea tu re  of t h e   f l o w  f ie ld .  A model for i n f e r r i n g   t h e   v o r -  
t e x  properties has   been   deve loped   and   u t i l i zed  to describe t h e   v o r t e x  properties 
f o r   p e r p e n d i c u l a r  j e t  i n j e c t i o n  (ref. 2 1 ) .  A p r e l i m i n a r y  attempt to u t i l i z e   t h e  
properties of the v o r t e x  pair to c a l c u l a t e   t h e   p r e s s u r e   d i s t r i b u t i o n  on t h e  f l a t  
p la te  for a jet/cross-flow v e l o c i t y  ra t io  of 8 provides good  agreement  with 
expe r imen ta l ly   de t e rmined  l i f t  and   p i t ch ing -manen t   coe f f i c i en t s  (ref. 2 2 ) .  

The  present  report e x t e n d s   t h e   s t u d y  of t h e  j e t  plume f o r  a round je t  i n  a 
cross flaw to i n c l u d e   t h e   e f f e c t s  of v a r y i n g   t h e  j e t  i n j e c t i o n   a n g l e .  Velocity 



and pressure measuremen t s   i n   t he  j e t  plume are p r e s e n t e d  for jet/cross-flow 
v e l o c i t y  ra t ios  of  4 and 8 and  for   nominal  j e t  i n j e c t i o n   a n g l e s   i n t o   t h e  cross 
f low  of  45O, 60°, 75O, 90°, and 105O. The v e l o c i t y   m e a s u r e m e n t s   o f   t h e   p r e s e n t  
s t u d y  were a c q u i r e d   p r i m a r i l y  for u s e  i n  a model to infer t h e  properties of t h e  
d i f f u s e   v o r t e x  pair associated wi th  a j e t  i n  a cross flow, a n d   t h e   r e s u l t s   h a v e  
been presented i n  r e f e r e n c e  23. A d e t a i l e d   d e s c r i p t i o n  of t h e   e q u a t i o n s   u t i -  
l i z e d  to d e s c r i b e   t h e  j e t  c e n t e r l i n e   a n d   v o r t e x   c u r v e  is p rov ided   i n   append ix  A 
of t h e   p r e s e n t  report. The d e t a i l e d   v e l o c i t y   a n d   p r e s s u r e   m e a s u r e m e n t s   i n   t h e  
j e t  plume are p r e s e n t e d   i n   t a b u l a r   a n d   g r a p h i c a l  form i n   a p p e n d i x  B. 

SYMBOLS 

Values are g i v e n   b o t h   i n  SI Un i t s   and  U.S. Custamary  Units .  The measure- 
m e n t s   a n d   c a l c u l a t i o n s  were made i n  U.S. Customary  Units.  

area of j e t  o r i f i c e ,  m2 ( f t 2 )  

j e t  e x i t  area corrected for nozz le   boundary- layer   th ickness ,  m2 ( f t 2 )  

c u r v e - f   i t t i n g   p a r a m e t e r s  

j e t  diameter, 10.16 cm (4.00 in . )  

f u n c t i o n   d e f i n e d   b y   e q u a t i o n  ( 3 ) ,  c m  ( i n . )  

l eng th   o f  j e t  core f o r  6 = Oo, cm ( i n . )  

l e n g t h  of j e t  core for 6 = 900, c m  ( i n . )  

Mach number 

e f f e c t i v e   v e l o c i t y  ra t io ,  d e f i n e d  by e q u a t i o n  ( 1 )  

arc d i s t a n c e   a l o n g  a j e t  pa th ,  m ( f t )  

j e t  c e n t e r l i n e  speed, m/sec (ft/sec) (UC i n  computer-generated tables) 

speed of j e t  f l u i d  a t  j e t  o r i f i c e ,  m/sec ( f t / s e c )  

cross-f  low speed ,  m/sec ( f t / s e c )  (UINF in   camputer -genera ted  
tables) 

z canponent   o f   ve loc i ty ;   denotes   component   in   wind- tunnel   sys tem 
when n o   s u b s c r i p t  is used, m/sec (ft/sec) 

Car t e s i an   coord ina te   sys t em;   deno tes   w ind- tunne l   coo rd ina te   sys t em 
when n o   s u b s c r i p t  is used (see f i g .  1 ) 

d i s t a n c e s   a l o n g  X, Y, and Z axes,  m ( f t )  

s t r e n g t h   o f   e a c h   v o r t e x ,  m2/sec ( f t 2 / s e c )  



6 j e t  i n j e c t i o n   a n g l e   r e l a t i v e  to  c ross - f l aw  ve loc i ty ,   deg  (DELTA i n  

P mass dens i t y  , kg/m3 (sl ug/f t 3, 

computer-generated tables a n d   f i g u r e s )  

0 s t a n d a r d   d e v i a t i o n  of p o i n t s   f r o m  a curve ,  cm ( i n . )  

4c angle   be tween 2 and 2, a x e s  (see f i g .  5)  , deg (PHIC i n  computer- 
g e n e r a t e d  tables) 

+V angle   be tween 2 and 2, a x e s  (see f i g .  5 ) ,  deg (PHIV i n  computer- 
g e n e r a t e d   t a b l e s )  

S u b s c r i p t s :  

C r e f e r s  to j e t  c e n t e r   l i n e  

j r e f e r s  to  c o n d i t i o n  a t  j e t  o r i f  ice 

0 refers to end  of j e t  core 

V r e f e r s  to v o r t e x   c u r v e  

1 refers to p o i n t   o f   r e f e r e n c e   c u r v e  (eq. ( 3 )  ) where   t angent  is 
p e r p e n d i c u l a r  to X-axis 

W refers to c ross - f low  cond i t ion  

PHYSICAL  DESCRIPTION OF A JET I N  A CROSS FLOW 

From the   numerous   i nves t iga t ions   o f  a round  subsonic  j e t  i n j e c t e d   t h r o u g h  
a f l a t   p l a t e   i n t o  a s u b s o n i c  cross f l o w ,   t h e r e   m e r g e s  a r e a l i s t i c  q u a l i t a t i v e  
d e s c r i p t i o n   o f   t h e   f l o w   f i e l d .  Most of the   expe r imen t s  upon which t h i s  qual i -  
t a t i v e   d e s c r i p t i o n  is based are for p e r p e n d i c u l a r  j e t  i n j e c t i o n   i n t o   t h e  cross 
flow, b u t  it should  be applicable for the   r ange   o f  j e t  i n j e c t i o n   a n g l e s   s t u d i e d  
i n   t h i s  report. 

A t  t h e   j e t - n o z z l e   e x i t   p l a n e ,   t h e   v e l o c i t y   p r o f i l e   a n d   t u r b u l e n t   i n t e n s i t y  
i n   t h e  j e t  are c h a r a c t e r i s t i c  of t h e  j e t  nozzle .  A s h e a r   l a y e r   e x i s t s  a t  t h e  
boundary  between  the j e t  a n d   c r o s s - f l o w   f l u i d s ,   a n d   t h i s   l a y e r   d i f f u s e s   i n t o  a 
h i g h l y   t u r b u l e n t   m i x i n g   r e g i o n .  A core of je t  f l u i d ,   a p p r o x i m a t e l y   c o n i c a l   i n  
s h a p e   a n d   m a i n t a i n i n g   t h e  properties of t h e  j e t  n o z z l e ,   e x t e n d s  a s h o r t   d i s t a n c e  
from t h e   n o z z l e   e x i t   p l a n e .   F o r  a free s u b s o n i c  j e t  (no  cross flow) , t h i s  core 
e x t e n d s   a p p r o x i m a t e l y   s i x  je t  diameters (ref. 2 4 )  before it is e roded ,   and   t he  
f lcm becomes h i g h l y   t u r b u l e n t   t h r o u g h o u t   t h e   e n t i r e  cross s e c t i o n  of t h e  je t .  
If a cross f low is i n t r o d u c e d ,   t h e   l e n g t h  of t h e  j e t  core decreases w i t h  
i n c r e a s i n g   c r o s s - f l a w   v e l o c i t y .   T h e   f l a w   i n   t h i s   i n i t i a l   r e g i o n  is complicated 
by a s e p a r a t i o n  of t h e  cross f l a w   a r o u n d   t h e  j e t  n e a r   t h e   f l a t  plate. T h i s  s e p  
a r a t i o n   a n d   t h e   r e s u l t i n g  wake  r e g i o n  are c l e a r l y  v i s i b l e  from oil-smear s t u d i e s  
o n   t h e  f l a t  plate (ref. 15) .  

3 
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The j e t  plume i tself  is readily o b s e r v a b l e   b y   f l o w   v i s u a l i z a t i o n   t e c h -  
n iques   such  as smoke i n j e c t i o n  (ref. 8 ) .  The d e f l e c t i o n   a n d   d e c a y  of t h e   i n i -  
t i a l  j e t  of f l u i d   c a n  be d e t e c t e d  by to t a l  p r e s s u r e  or velocity measurements i n  
t h e  je t  plume. T h e   c u r v e   t h a t  traces t h e   l o c a t i o n s  of maximum j e t  speed f ram 
t h e   t e r m i n u s  of t h e  j e t  core through  subsequent  cross s e c t i o n s  of t h e  j e t  plume 
is called t h e  j e t  c e n t e r l i n e  ( ref .  6). T h i s   c u r v e   c a n  be de termined  to a loca- 
t i o n   w h e r e   t h e  local maximum of t h e  je t  v e l o c i t y  is e x p e r i m e n t a l l y   i n d i s t i n -  
g u i s h a b l e  from t h e  cross-flow v e l o c i t y .   T h i s   o c c u r s   1 5  to 20 j e t  d i a m e t e r s  
downstream  of  the je t  o r i f i c e   ( r e f .  21) f o r   t h e   i n s t r u m e n t a t i o n   c u r r e n t l y   i n  
use (i. e., t o t a l  p r e s s u r e   a n d   h o t  wire). 

A n o t h e r   f e a t u r e   o f   t h e   f l a w   f i e l d  is a pair of d i f f u s e   c o n t r a r o t a t i n g   v o r -  
tices which form n e a r   t h e  j e t  orifice and are deflected and swept downstream 
along  curved  paths   which l i e  t o  e i t h e r   s i d e  of t h e   p l a n e   o f   f l o w  symmetry 
(y = 0, see f i g .  1 )  and   on   the   concave   s ide  of t h e  je t  c e n t e r l i n e   ( r e f s .  9,  10, 
and   20 ) .   These   vo r t i ce s  are more p e r s i s t e n t   t h a n   t h e   o t h e r   d i s t i n g u i s h i n g   c h a r -  
acteristics of a j e t  i n  a cross flow, and  they   dominate   the   f low f i e l d  f o r   d i s -  
t a n c e s   g r e a t e r   t h a n   a b o u t   1 0  j e t  diameters downstream  of  the j e t  o r i f i c e .  The 
v o r t e x  structure plays a primary role i n   d e t e r m i n i n g   t h e  pressure d i s t r i b u t i o n  
o n   t h e   f l a t  p la te  ( r e f .   2 2 ) .  Due to  its p e r s i s t e n c e ,   t h e   v o r t e x  pair  has   been 
observed  as  f a r  as 1000 j e t  diameters   downstream of t h e  j e t  o r i f i c e   ( r e f .   1 4 ) .  

S a n e   o f   t h e   p e r t i n e n t   f e a t u r e s  of t h e  je t  plume are s k e t c h e d   i n   f i g u r e  1 
for a jet/cross-flow v e l o c i t y  ratio of about  8.   The st ippled area r e p r e s e n t s  
t h e  plume o f   t h e  j e t  as observed  by flow v i s u a l i z a t i o n   t e c h n i q u e s  (ref.  8 ) .  
The flow e x h i b i t s  mirror symmetry   about   the   p lane  y = 0. P o s i t i o n s   o f   t h e  j e t  
c e n t e r l i n e   a n d   t h e  pair of v o r t i c e s   r e l a t i v e  to t h e  jet plume are also i n d i -  
c a t e d .  The p r o j e c t i o n   o f   t h e   c e n t e r s   o f   t h e   v o r t i c e s   o n t o   t h e   s y m m e t r y   p l a n e  
d e f i n e s   t h e   v o r t e x   c u r v e .  N o  attempt has  been made i n   f i g u r e  1 t o  d i s p l a y   t h e  
j e t  core or t h e   s e p a r a t e d   r e g i o n   n e a r   t h e  f l a t  p l a t e .  

APPARATUS 

The p r e s e n t   s t u d y  reports o n   t h e   t h i r d   i n  a series of exper iments   conducted  
i n   t h e   L a n g l e y  V/STOL wind   tunnel  to d e t e r m i n e   t h e   v e l o c i t y   f i e l d   i n   t h e  plume 
of a round j e t  i n  a cross flow.  The f i r s t  two e x p e r i m e n t s  were s t u d i e s   o f  per- 
p e n d i c u l a r  jet  i n j e c t i o n   t h r o u g h  a f l a t  p l a t e  i n t o  a cross flow. Most of t h e  
a p p a r a t u s   a n d   t e c h n i q u e s   u t i l i z e d   i n   t h e   p r e s e n t   s t u d y  were also u t i l i z e d   i n  
the   expe r imen t s  for p e r p e n d i c u l a r  j e t  i n j e c t i o n   a n d  are d e s c r i b e d   i n   r e f e r -  
ence 20,  which  should be used as a supplement to t h e   p r e s e n t  report. 

F i g u r e  2 is a photograph of t h e  exper imenta l   a r rangement  for t h e   p r e s e n t  
s tudy,   which  used a new f l a t  plate. T h e   w i n d - t u n n e l   s t r u c t u r e   r e s t r i c t e d   t h e  
i n s t a l l a t i o n   o f   t h e  j e t  plenum to a v e r t i c a l   p o s i t i o n   b e n e a t h   t h e   f l a t  plate.  
To permit a range of j e t  i n j e c t i o n   a n g l e s ,   t h r e e   d e f l e c t i n g   n o z z l e   e x t e n s i o n s  
were c o n s t r u c t e d .   F i g u r e  3 is a s k e t c h  of t h e  j e t  nozz le   and   p lenum  wi th   one  
of t h e   n o z z l e   e x t e n s i o n s .  The e x t e n s i o n s  were des igned  to p r o v i d e  lSO,  30°, 
and 45O d e f l e c t i o n s  of t h e  j e t  from v e r t i c a l   a n d  to have mean r a d i i  of curva-  
t u r e   o f  53.8,  25.4,  and  16.5 cm,  r e s p e c t i v e l y ,   a n d  a c o n s t a n t  10.16-cm diameter  
th roughout   the   bend .  
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i The f l a t  plate  is c o n s t r u c t e d  of 0.64-cm-thick  aluminum  and  measures 1.8 
by 3.0 m (18D by 30D). It h a s   c i r c u l a r   i n s e r t s  to accommodate the var ious   noz-  
z l e   e x t e n s i o n s .   T h e   j e t - e x i t   p l a n e  is f l u s h   w i t h   t h e   f l a t  p la te  SO t h a t   t h e  
e x i t  orifice is a c t u a l l y   a n  el l ipse for t h e   d e f l e c t i n g   n o z z l e   e x t e n s i o n s .   E a c h  
n o z z l e   e x t e n s i o n   c a n  be r o t a t e d  180° about  a v e r t i c a l   a x i s  to provide  j e t  
de f l ec t ion   ups t r eam or downstream to  t h e  cross flow. The   cen ter  of t h e  j e t  
orifice for t h e   s t r a i g h t   n o z z l e   e x t e n s i o n  is 11.8D downstream  of   the  leading 
edge of t h e  f l a t  plate. 

TEST PROCEDURES AND CONDITIONS 

The c h a r a c t e r i s t i c s   o f   t h e  je t  e x h a u s t i n g   i n t o  still a i r  were s t u d i e d  
prior to the   w ind- tunne l   expe r imen t .   To ta l   p re s su re   su rveys  across t h e  j e t  
e x i t  are p r e s e n t e d   i n   f i g u r e  4 for e a c h   o f   t h e   n o z z l e   e x t e n s i o n s .  The  bound- 
a r y   l a y e r   o n   t h e  Oo a z i m u t h   s i d e  of t h e   n o z z l e   e x t e n s i o n s  becomes t h i n n e r   w i t h  
i n c r e a s i n g   d e f l e c t i o n   a n g l e ,   a n d   o n   t h e  180° a z i m u t h   s i d e ,  it becomes t h i c k e r  
w i t h   i n c r e a s i n g   d e f l e c t i o n   a n g l e .  For t h e  45O n o z z l e   e x t e n s i o n ,   t h e r e  is evi-  
dence  of a r e g i o n   o f   s e p a r a t e d  flow o n   t h e  180° a z i m u t h   s i d e   o f   t h e   n o z z l e  
e x t e n s i o n .  A yaw probe was used t o  measure t h e   a n g l e  of t h e  j e t  f low a t  a 
p o i n t   c e n t e r e d   i n   t h e   o r i f i c e   a n d   a t  a p o i n t   o n  t h e  j e t  a x i s   o n e  j e t  diameter  
a b o v e   t h e   e x i t   p l a n e .  For b o t h  p o i n t s ,   n o z z l e   e x t e n s i o n s  were found to d e f l e c t  
t h e   f l o w   t h r o u g h   a n g l e s   o f  -0.4O, 13.6O, 28.9O, and 46.5O i n s t e a d  of t h e  nomi- 
n a l   v a l u e s  of Oo, 15O, 30°, and 45O, r e s p e c t i v e l y .  

Flow-field  measurements of v e l o c i t y  and p r e s s u r e  were made w i t h  a rake 
(see f i g .  2)  of seven paral le l  yaw-pitch probes having a 5.1-cm spacing  between 
p robes .   F ive   p re s su re  ports were l o c a t e d   o n   t h e   h e m i s p h e r i c a l  t i p  of  each 
probe, w i t h  a r i n g  of s i x   i n t e r c o n n e c t e d   s t a t i c  ports located a f t  of the   p robe  
t ip .  A c a l i b r a t i o n  scheme (ref.  20)  was u s e d   t h a t   c o u l d   c o m p u t e   t h e   f l o w - f i e l d  
measurements   through  large  angles   (above 45O) r e l a t i v e  to t h e   i n d i v i d u a l  probes. 
Based  on t h e  r e s u l t s  of a c a l i b r a t i o n   e x p e r i m e n t   c o n d u c t e d   o v e r   a n   a n g l e   r a n g e  
of  +65O, it is e s t i m a t e d   t h a t  errors i n   d e t e r m i n i n g  flow a n g u l a r i t y   a r e   u s u a l l y  
less t h a n  lo, errors i n   d e t e r m i n i n g   a i r s p e e d   r a r e l y   e x c e e d  4 pe rcen t ,   and  errors 
i n   d e t e r m i n i n g   s t a t i c   a n d  t o t a l  pressure are u s u a l l y  less  than  1 0  p e r c e n t  of 
dynamic  pressure.   These error estimates a r e   f o r   u n i f o r m  flow, w i t h  flow angu- 
l a r i t y   w i t h i n   t h e   r a n g e   o f   t h e   c a l i b r a t i o n   e x p e r i m e n t .   T h e y  do n o t   i n c l u d e   t h e  
e f f e c t s   o f   h i g h   t u r b u l e n t   i n t e n s i t y   s u c h  as are encountered   th roughout   the  j e t  
plume or of l a r g e   v e l o c i t y   g r a d i e n t s   s u c h   a s  are encoun te red   nea r   t he  je t  ori- 
f i c e .  N o  estimates o f   t h e  errors due to  these e f f e c t s   h a v e   b e e n  made. 

T e s t   c o n d i t i o n s  are d e s c r i b e d  by s p e c i f y i n g   t h e   j e t / c r o s s - f l a w   v e l o c i t y  
r a t io  and j e t  i n j e c t i o n   a n g l e .   E a r l y   i n v e s t i g a t o r s   u t i l i z e d   t h e  r a t io  of j e t  
v e l o c i t y  to c r o s s - f l a w   v e l o c i t y  as t h e  basic parameter for d e s c r i b i n g   t h e  test  
c o n d i t i o n s  for p e r p e n d i c u l a r  j e t  i n j e c t i o n .   T h i s  is appropriate u n d e r   c e r t a i n  
s i m p l i f y i n g   c o n d i t i o n s .   I n   g e n e r a l ,   h o w e v e r ,  it is t h e  r a t io  of t h e  momentum 
f l u x  across t h e  je t  o r i f i c e  to t h e  momentum f l u x  of t h e  cross f law  over   an  
equal area t h a t  is t h e   s i g n i f i c a n t   d i m e n s i o n l e s s  parameter. I n   o r d e r  to be 
c o n s i s t e n t   w i t h   t h e   t e r m i n o l o g y   o f   e a r l y   i n v e s t i g a t i o n s ,  it is convenient  to 
d e f i n e   a n   e f f e c t i v e   v e l o c i t y  ra t io  as t h e   s q u a r e  root of t h i s  ra t io  of  mmentum 
f l u x e s .  If t h e   d e n s i t y  of t h e  j e t  and   c ros s - f low  f lu ids  is t h e  same and i f  U j  
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is constant over t h e  j e t   o r i f i ce ,  then 

reduces to   the  ra t io  of je t   veloci ty   to  cross-flow  velocity. I t  should be 
noted that  the  reciprocal of equation (1) is used by  some investigators and 
is usually  referred  to by the same name. 

Other useful  equations  for  the  effective  velocity  ratio R can be 
obtained  fran  equation ( 1 )  . Some  of these  variations and their  application 
to  the  present  investigation  are  discussed i n  reference 1 9 .  For presentation 
of results i n  t h i s  report,  the  appropriate  simplification of equation (1 ) is 
R = Mj/M,. T h i s  relationship assumes a j e t  w i t h  a f la t   ve loc i ty   p rof i le  
expanding isentropically from  plenum total  pressure  to  the  cross-flow  static 
pressure. I n  comparison w i t h  the  effective  velocity  ratio,   jet  Mach  number is 
a parameter of secondary significance  (ref. 1 9 ) .  Hence, both Mj and M, 
have  been varied i n  t h i s  report  to  obtain  particular  values of R.  

Test  procedures  similar  to  those  utilized i n  t h e   f i r s t  two wind-tunnel 
experiments of the  series were followed (ref.  2 0 ) .  Primary among these is  the 
acquisition of flow-field  data i n  planes  roughly  perpendicular to  the je t  
centerline or  vortex  curve.  Additionally,  sane  special-case measurements  were 
taken  very near to   the je t  or i f ice  where probe vibration was so severe  that guy 
wires were u t i l i z e d  to   s t i f fen   the  probe support system. 

The coordinate systems utilized  for  data  acquisition and presentation  are 
shown i n  figure 5.  A wind-tunnel coordinate system ( X , Y , Z )  has i ts  or igin  a t  
the  center of the   j e t   o r i f ice ,  w i t h  the X axis  i n  the  direction of the  cross 
flow and the Z axis  i n  the  direction of the  ini t ia l   je t   veloci ty   for  perpen- 
dicular  jet  injection.  Jet  centerline  coordinate systems (Xc,Yc,Zc)  and 
vortex-curve coordinate systems ( X v , Y v , Z v )  are  Cartesian  coordinate systems for 
the flow. The angles 4)c and 9, denote  the  rotation  about  the Y axis of 
the  centerline and the vortex-curve  coordinate systems from the wind-tunnel 
coordinate system. 

EXPERIMENTAL FU3SULTS AND DISCUSSION 

Scope of the  Present  Investigation 

To ascertain  the  effects of jet  injection  angle on the flow f i e ld  of a j e t  
i n  a cross flow, results of velocity and pressure measurements i n  the   je t  plume 
are  presented i n  figures 6 t o  9 and i n  appendix B for a range of jet   injection 
angles  for  the  effective  velocity  ratios of 4 and 8. The flow f i e ld  has been 
studied i n  cross  sections of the  je t  plume to  display most clearly its symmetry 
and other  simplifying  features. Measurements  can be divided  into  three catego- 
r i e s  according t o  t h e  purpose for  obtaining them: 
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(1)  Velocity  measurements  in  the  plane of  flow  symmetry (y = 0) which  are 
used  to  determine  the  jet  centerline 

(2) Velocity  measurements  in  the  plane  of  flow  symmetry  which  are  used  to 
determine  the  vortex  curve 

(3) Velocity  measurements  extending  out of the  plane  of  flow-symmetry 
which  are  used  in  the  diffuse  vortex  model 

There  is  overlap  between  categories (2) and ( 3 )  because  the  measurements €or 
the  diffuse  vortex  model  include  those  in  the  plane of flow  symmetry.  The 
extent  of  measurements €or the  present  study  is  summarized  in  table I. 

Measured  velocities,  static  pressures,  and  total  pressures  are  presented 
in  appendix B, and  the  results of utilizing  the  measured  velocities  in  the 
diffuse  vortex  model  are  presented  in  reference 23. 

Measurements  in  the  Symmetry  Plane 

Discussion  of  measurements.-  Some  appreciation  for  the  information  con- 
tained  in  the  symmetry  plane  data  and  for  the  shortcomings  of  the  present  study 
can  be  gained  from  figure 6. Shown  in  this  figure  are  measured  velocities  dis- 
played  as  vectors  in  the  plane of  flow  symmetry €or an  effective  velocity  ratio 
of 8 and  a  nominal  jet  injection  angle  of 60°. For measurements  near  the  jet 
orifice (x/D < 2), the  pressure  and  velocity  gradients  are  large  enough  to 
cause  one or more  of  the  following  difficulties: ( 1 )  the  probe  spacing  (0.5D) 
becomes  too  large  to  define  the  velocity  profile  adequately  for  determining  the 
centerline or vortex-curve  location  at  a cross section: (2) appreciable  errors 
are  introduced  in  the  iterative  technique  used  to  determine  the  centerline  and 
vortex  curve; or (3) errors  in  the  velocity  determination  itself  are  introduced 
because  of  large  values  of  flow  turbulence  and  significant  pressure  changes 
over  distances  comparable  to  the  physical  dimensions  of  the  probe  head. 

In the  region  from x/D = 2 to x/D = 12, the  pressure  gradients  are  not 
too  severe  for  the  apparatus  and  techniques  used  in  the  present  study.  Within 
this  region,  the  properties  determining  the  jet  centerline  and  vortex  curve  are 
apparent (e.g.,  the  axial  velocity  in  the  jet  is  noticeably  larger  than  the 
cross-flow  speed,  and  the  change  in  direction  of  the  velocity  vectors is dis- 
cernible  in  the  vicinity  of  the  vortex  curve).  In  this  region,  the  span of the 
rake  of  probes  is  large  enough  and  the  probe  spacing  small  enough  to  adequately 
describe  the  velocity  profile  determining  either  curve  if  the  rake  is  well 
placed. 

For the  region x/D > 12, the  axial  velocity  of  the  jet  in  the  vicinity  of 
the  jet  centerline  has  decayed  to  such  a  degree  that  it is difficult  to  deter- 
mine  the  centerline  location.  Although  the  change  in  the  direction of the 
velocity  due  to  the  contrarotating  vortices is still  evident,  the  span  of  the 
rake of probes is not  large  enough  to  provide  an  adequate  description of the 
velocity  profile  locating  the  vortex  curve. In addition  to  the  broadening of  
the  velocity  profile  which  is  used  in  determining  the  vortex  curve,  the  initial 
placement of the  rake  of  probes  was  not  very  accurate  because  of  the  lack of 
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prior  knowledge  about  vortex  structure  as  a  function of  jet  injection  angle. 
These  observations  for  the  test  conditions  of  figure 6 apply  qualitatively  to 
the  other  test  conditions  studied. 

The  region  very  near  the  jet or if  ice  (x/D < 2) is of  particular  importance 
because  it is the  region  of  initial  vortex  formation. An attempt  to  extend 
velocity  measurements  into  this  region  has  been  made  for  selected  test  condi- 
tions.  Figure 7 shows  symmetry-plane  velocity  measurements  acquired  in  the 
region  of  vortex  formation  for  effective  velocity  ratios  of  4  and 8 for  perpen- 
dicular  jet  injection.  The  relatively  fine  measurement  grids of D/4  and  D/16 
are  achieved  by  multiple  placements  of  the  rake  of  probes.  For  both  effective 
velocity  ratios  studied,  the  measurement  cross  section  closest  to  the  jet  ori- 
fice  passes  through  the  region  of  the  jet  core  where  the  measured  velocity  is 
equal  in  magnitude  to  that  at  the  jet  orifice.  The  velocity  vectors  in  the  jet 
core  are  deflected  downstream  approximately 5O for R = 4,  whereas  for R = 8 ,  
this  deflection  is  less  than lo. This  deflection  of  the  jet  core  for  low  effec- 
tive  velocity  ratios  causes  some  problems  in  developing  an  equation  for  the  jet 
center  line. 

Jet  centerline.-  Determination  of  the  jet  centerline  has  been  one  of  the 
primary  objectives  of  many  theoretical  and  experimental  studies  of  a  jet  in  a 
cross  flow.  Its  determination  is  included  in  the  present  study  to  supplement 
the  description  of  the  vortex  pair  associated  with  the  jet  and  to  provide  a 
basis  for  comparison  with  the  results  of  other  experiments. 

An  experimental  determination  of  the  jet  centerline is straightforward. 
As the  jet is deflected  by  the  cross  flow,  the  velocity  in  the  jet  decays  to 
values  comparable  to  the  cross-flow  velocity.  This  deflection  and  decay  of  the 
axial  component  of  velocity  in  the  jet  can be detected  by  suitable  placement of 
velocity  measuring  probes  in  the  plane  of  flow  symmetry.  The  jet  centerline is 
the  locus  of  the  points of maximum  axial  component  of  velocity  in  each  of  the 
flow-field  cross  sections,  with  an  iterative  process  (ref. 20) defining  the 
final  cross-section  angles. 

Table I1 presents  the  results  of  the  jet  centerline  study.  The  location 
and  orientation  of  the  rake,  the  location  of  the  jet  centerline,  the  maximum 
axial  velocity,  and  the  final  cross-section  angle  are  presented  for  each  cross 
section  studied.  The  jet  centerline  decay  properties  are  indicated  in  figure 8 .  
In  this  figure,  the  quantity  (Uq - U, cos $,)/(Uj - U, cos QC) is  plotted 
against  arc  distance  along  the  jet  centerline.  This  represents  an  attempt  to 
display  the  jet  centerline  decay  in  a  manner  that  would  be  compatible  with  a 
coflowing  jet  in  the  limit  as bc approaches  zero. A comparison  with  the 
results  of  reference 20 is included. For R = 4, there  is  a  noticeably  slower 
decay  rate  of  the  axial  velocity  component  for 6 = 45O  than  for  the  other  jet 
injection  angles.  For R = 8,  there  appears  to  be  a  gradual but smooth  decrease 
in  the  decay  rate  with  decreasing  jet  injection  angle. 

Vortex  curve.-  The  vortex  curve  partialSy  describes  the  location  of  the 
vortex  system  associated  with  a  jet  in  cross  flow.  The  pair  of  diffuse  contra- 
rotating  vortices  which  form  near  the  jet  orifice  is  carried  downstream  along 
trajectories  which  depend  on  the  effective  velocity  ratio  and  jet  injection 
angle.  The  vortex  curve is the  projection  of  these  trajectories  onto  the 
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plane  of  flaw  symmetry.  The  vortex  pair  induces  a  velocity  field  in  the  plane 
of  a  vortex-curve cross section  that  can be detected  experimentally.  Note  in 
figure 1 that  there is a  constructive  interference  in  the  region  between  the 
contrarotating  vortices.  This  constructive  interference  can be displayed  by 
plotting  the  vortex-induced  variation of Wv  along  the 2,-axis. This Wv 
distribution  exhibits  a  maximum,  as  indicated  in  sketch  (a). A point  on  the 

zV 

wV 

I 

Sketch  (a) 
\. 
"-vortex  curve  is  determined  experimentally  by  locating  this  maximum  "upwash," or 
Zv  component  of  velocity,  in  a  vortex-curve  cross  'section. A detailed  descrip- 
tion  of  the  iterative  procedure  used  to  determine  points  on  the  vortex  curve  is 
presented  in  reference 20. 

The  results  of  the  vortex-curve  determination  are  shown  in  table 111. The 
location  and  orientation of  the  rake,  the  location  of  the  vortex  curve,  the  arc 
length  along  the  vortex  curve,  and  the  final  cross-section  angle  are  presented 
for  each  condition  that  resulted  in  useful  information. 

Equation " describing . -. . - the  jet  centerline  and  vortex  curve.-  The  equation 
used to describe  the jet  centerline  and  vortex  curve  for  perpendicular  jet 
injection  is 

z/D = aRb (x/D) 

Separate  values  of  the  parameters  a,  b,  and  c  which  provide  a  least-squares 
best  fit  to  the  jet  centerline  and  to  the  vortex  curve  for  perpendicular  jet 
injection  are  presented  in  reference 21. For  a  given  effective  velocity  ratio, 
both  the  jet  centerline  and  vortex  curve  as  described  by  equation (2 )  intersect 
the  plane  of  the  flat  plate (z = 0) perpendicularly  at  the  center of the  jet 
orifice,  where  (x,y,z) = ( O , O , O ) .  
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Equat ion  (2)  is modified i n  t h e  p r e s e n t  report to i n c l u d e  t h e  e f f e c t s   o f  
j e t  in jec t ion   angle .   The   pr imary   assumpt ions  are t h a t   t h e  basic s h a p e   o f   t h e  
cu rve   (g iven  by a,  h, and c) is n o t  a f u n c t i o n  of j e t  i n j e c t i o n   a n g l e   a n d  
t h a t  t h e  j e t  c e n t e r l i n e   a n d   v o r t e x   c u r v e   i n t e r s e c t   t h e   f l a t  p l a t e . a t  t h e  je t  
i n j e c t i o n   a n g l e  6. The b a s i c   g e n e r a l i z a t i o n  i s  to d e f i n e  a r e f e r e n c e   c u r v e  

w i t h  separate v a l u e s  of a, b, and c to  describe t h e  j e t  c e n t e r l i n e   a n d  
vo r t ex   cu rve .  The appropriate segment of t h i s  r e f e r e n c e   c u r v e ,   u t i l i z e d  to  
describe either t h e  j e t  c e n t e r l i n e  or v o r t e x   c u r v e ,  is determined by t h e  con- 
d i t i o n  tha t  e a c h   c u r v e   i n t e r s e c t s  t h e  f l a t  p la te  a t  t h e  j e t  i n j e c t i o n   a n g l e  6 .  
The p o i n t   ( x o , F ( x o ) )   i n  s k e t c h  (b)  d e n o t e s   t h e  s t a r t  p o i n t  of t h i s  segment. 

I 
I 
I 
I 
I X 

x. 

Sketch  (b) 

For t h e  vo r t ex   cu rve ,   ano the r   minor   mod i f i ca t ion  is made to e q u a t i o n  ( 2 )  
based o n   v e l o c i t y   m e a s u r e m e n t s   f r o m   t h e   p r e s e n t   s t u d y   i n   t h e   r e g i o n   n e a r   t h e  
j e t  or i f ice .  These measu remen t s   i nd ica t e  t h a t  t h e  v o r t e x   c u r v e   i n t e r s e c t s   t h e  
f l a t  plate  a t  approximate ly  x/D = 1 / 2   i n s t e a d  of x/D = 0. 

A l e a s t - s q u a r e s  f i t  of these e x t e n s i o n s  of e q u a t i o n   ( 2 )  to  t h e   p o i n t s   o n  
t h e  j e t  c e n t e r l i n e   a n d   v o r t e x   c u r v e   d e t e r m i n e s  parameter values   which are 
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l i s t e d   i n  item 2 of table IV.  P a r a m e t e r   v a l u e s   f o r   f i t t i n g   d a t a   f o r  R = 4 
and R = 8 s e p a r a t e l y  are p r e s e n t e d ,  as well as t h e  parameters p r o v i d i n g   t h e  
best f i t  for a l l  data .   For   purposes   of   comparison,  similar r e s u l t s   f o r   p e r p e n -  
d i c u l a r  j e t  i n j e c t i o n  (ref. 20) are p r e s e n t e d   i n  item 1 of table IV.  The l a s t  
column of t h e  table  lists t h e   s t a n d a r d   d e v i a t i o n   o f   t h e   p o i n t s  frm the   cu rve .  
Note t h a t   t h i s  attempt to e x t e n d   e q u a t i o n  ( 2 )  to  i n c l u d e   t h e   e f f e c t s  of j e t  
i n j e c t i o n   a n g l e   c a u s e s  a s i g n i f i c a n t ,   t h o u g h   n o t   s e r i o u s ,   r e d u c t i o n   i n   t h e  
q u a l i t y   o f   t h e   f i t  to t h e   d a t a .   F o r   t h e   c e n t e r l i n e ,   t h e   s t a n d a r d   d e v i a t i o n   f o r  
t h e   p r e s e n t   s t u d y  is a b o u t   t h r e e  times as l a r g e  as t h a t  for r e f e r e n c e  20, and 
for t h e   v o r t e x   c u r v e ,  it is less t h a n  twice as l a r g e .  

P h y s i c a l   d e s c r i p t i o n s   o f  a j e t  i n  a cross flow u s u a l l y   c o n s i d e r  t w o  dis- 
t i n c t   r e g i o n s   o f   f l o w  - a je t  core e x t e n d i n g  a s h o r t   d i s t a n c e   f r o m   t h e  orifice 
a n d   t h e   r e g i o n   o f   e s t a b l i s h e d  flaw downstream  of   the  terminus of t h e  j e t  core.. 
T h i s  je t  core, which is a p p r o x i m a t e l y   c o n i c a l   i n   s h a p e ,  is n o t   n o t i c e a b l y  
d e f l e c t e d  by t h e  cross flaw f o r   e f f e c t i v e   v e l o c i t y  ra t ios  g r e a t e r   t h a n   a b o u t  4. 
Downstream of t h e   t e r m i n u s  of t h e  j e t  core, t h e   f l u i d  is h i g h l y   t u r b u l e n t  
t h roughou t   t he  j e t  plume; d e f l e c t i o n ,   d e f o r m a t i o n ,   a n d   d e c a y   o f   t h e   i n i t i a l  j e t  
o f   f l u i d  are r ead i ly   obse rved .   Fo r   pe rpend icu la r  j e t  i n j e c t i o n ,   e q u a t i o n  ( 2 )  
p r o v i d e s   a n   a d e q u a t e   f i t  to  t h e   c e n t e r l i n e  for both   reg ions   o f   f low.   Because  
t h e   l e n g t h   o f   t h e  j e t  core depends  on j e t  i n j e c t i o n   a n g l e ,   h o w e v e r ,   t h e  t w o  
reg ions   should   be  treated s e p a r a t e l y  when ex tend ing   equa t ion  ( 2 )  t o  i n c l u d e   t h e  
e f f e c t s   o f  j e t  i n j e c t i o n   a n g l e .  

An attempt to i m p r o v e   t h e   q u a l i t y   o f   t h e  f i t  f o r   t h e  j e t  c e n t e r l i n e  is 
made  by a t t e m p t i n g  to d e s c r i b e   t h e   l e n g t h   o f   t h e  j e t  core. The j e t  c e n t e r l i n e  
is d e s c r i b e d   i n   t h e   p r e s e n t   s t u d y  by a s t r a i g h t - l i n e   s e g m e n t   ( r e p r e s e n t i n g  
t h e  j e t  core) which is jo ined   smooth ly  to  a segment of t h e   r e f e r e n c e   c u r v e  
d e s c r i b e d  by e q u a t i o n  ( 3 ) .  The l e n g t h  of t h e   s t r a i g h t - l i n e   s e g m e n t  is a func- 
t i o n  of j e t  in j ec t ion   ang le .   The   equa t ion   chosen  to  model the   behav io r  of t h e  
j e t  core l e n g t h  is an ell ipse wi th   one   focus  a t  t h e   c e n t e r   o f   t h e  j e t  o r i f i c e .  
Sketch (c) r e p r e s e n t s  t h e  v a r i a t i o n   o f  t h e  l e n g t h  of t h e  j e t  core so w i t h  
j e t  i n j e c t i o n   a n g l e  6.  The l eng ths   and  Q2 are i n t e r p r e t e d  as t h e  j e t  
core l e n g t h s   f o r   c o f l o w i n g   a n d   p e r p e n d i c u l a r  j e t  i n j e c t i o n ,   r e s p e c t i v e l y .  

S k e t c h  (c) 

11  



The  equation.  for  this  elliptic  variation  of  jet  core  length  for  a  given  effec- 
tive  velocity  ratio is 

SO 
" - 
D 

1 - (1 - ;) cos 6 

To describe  the  shortening  of  the  jet  core  with  decreasing  velocity  ratio  for 
perpendicular  jet  injection,  the  following  equation  is  used: 

where  d  is  a  parameter  without  physical  significance  that is determined  in 
the  curve-fitting  process.  The  length '11 for  a  coflowing  jet  is  assumed  to 
be a  constant  that  is  equal  to  the  jet  core  length  for  a  free  jet (i .e. , 
&1/D = 6.2). Although  the  jet  core  length  for  a  coflowing  jet is considered 
to  be  a  function  of  effective  velocity  ratio  (ref. 25) ,  inclusion  of  this 
behavior  does  not  lead to an  improvement  in  the  ability  of  the  equation  for 
the  jet  centerline  to  €it  the  experimental  points  defining  this  curve. 

A least-squares  fit  of  this  two-segment  curve  to  all  of  the  jet  centerline 
points  determines  the  parameter  values  listed  in  item 3 of  table  IV.  Note  that 
there is a  significant  improvement  in  the  quality  of  fit  for R = 8 and  a 
smaller  improvement  for R = 4 .  This  reflects  the  physical  observation  that 
the  jet  core  for  perpendicular  injection  is  significantly  longer  for R = 8 
than  for R = 4 .  

The  steps  for  calculating  points  on  the  jet  centerline  and  vortex  curve 
are  outlined  in  appendix A.  Values  for  the  resulting  constants  a,  b,  c, 
and d are  listed  in  table  IV. 

To provide  a  better  description  of  the  jet  centerline  and  vortex  curve, 
the  parameters  for  the  fits  to  individual R groupings  for  the  vortex  curve 
(from  item  2  of  table  IV)  and  the  jet  centerline  with  jet  core  (item 3 of 
table  IV)  are  utilized  in  the  present  report.  Figure 9 provides  a  visual 
indication  of  the  quality  of  the  fit  of  the  extension  of  equation  (2)  to  the 
points  locating  the  jet  centerline  and  vortex  curve.  Included  in  each  figure 
is a  comparison  with  the  results  of  a  previous  study  (ref. 20). 

The  velocity  measurements  in  planes  perpendicular  to  the  jet  path  and 
extending  out  of  the  symmetry  plane  were  acquired  for  use  in  the  diffuse 
vortex  model  (ref.  21).  Measured  velocities  and  pressures  are  presented  in 
appendix B, and  the  results  of  utilizing  the  projection  of  these  velocities 
onto  vortex-curve  cross  sections  are  presented  in  reference  23. 
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SUMMARY OF RESULTS 

The primary purpose  of t h e   w i n d - t u n n e l   e x p e r i m e n t   d e s c r i b e d   i n   t h e  pres- 
e n t   i n v e s t i g a t i o n  is to de termine   the   dependence   on  jet  i n j e c t i o n   a n g l e   o f   t h e  
properties of t h e   v o r t e x  pair associated w i t h  a round j e t  i n  a cross flow. 
Effective jet/cross-flow v e l o c i t y  ratios of 4 and 8 were s t u d i e d  for j e t  i n j e c -  
t i o n   a n g l e s  of 45O, 60°, 75O,  90°, and 105O. 

V e l o c i t y   a n d   p r e s s u r e   m e a s u r e m e n t s   i n   t h e  j e t  plume are t h e   m a i n   s u b j e c t  
of t h e   p r e s e n t  report, a n d   t h e  properties of t h e   v o r t e x  pair i n f e r r e d  from 
these   ve loc i ty   measu remen t s  are p r e s e n t e d   i n  a separate paper by D. Krausche, 
R. L. Fearn,   and R.  P. Weston (AIAA J. , vol .  16, no. 1 5 ,   1 9 7 8 ) .  The  measured 
va lues   o f  t o t a l  p r e s s u r e ,  s ta t ic  p r e s s u r e ,   a n d   v e l o c i t y  are p r e s e n t e d   i n   t a b u -  
lar and   g raph ica l   fo rm for over 900 l o c a t i o n s   i n   t h e   p l a n e  of flow  symmetry  and 
over  1000 a d d i t i o n a l   l o c a t i o n s   i n  cross s e c t i o n s   e x t e n d i n g   o u t   o f   t h e   p l a n e  of 
flow  symmetry. 

A d d i t i o n a l   r e s u l t s   o f   t h e   p r e s e n t   s t u d y  are: 

1 . The j e t  c e n t e r   l i n e   l o c a t i o n   a n d   d e c a y  of t h e  j e t  c e n t e r l i n e   s p e e d  are  
determined  and compared w i t h   t h e   r e s u l t s   o f  a previous   exper iment   for   perpen-  
d i c u l a r  j e t  i n j e c t i o n .  

2. T h e   v o r t e x   c u r v e   w h i c h   p a r t i a l l y  locates t h e   v o r t e x   s y s t e m  is 
determined.  

3. An e q u a t i o n   d e s c r i b i n g   t h e  j e t  c e n t e r l i n e   a n d   v o r t e x   c u r v e  for perpen- 
d i c u l a r  j e t  in j ec t ion   has   been   ex tended  t o  i n c l u d e   t h e   e f f e c t s   o f  j e t  i n j e c t i o n  
angle .  I t  appears t h a t   t h e   s h a p e   o f   e a c h   c u r v e  is de te rmined   p r imar i ly   by   t he  
e f f e c t i v e   v e l o c i t y  ratio. T h e   e q u a t i o n   f o r   t h e  j e t  c e n t e r l i n e  is b e t t e r  able 
t o  f i t  t h e   d a t a  i f  a s t r a i g h t - l i n e  j e t  core whose  length  depends  on j e t  i n j e c -  
t i o n   a n g l e  is inc luded .  

Langley  Research  Center  
Na t iona l   Aeronau t i c s   and   Space   Admin i s t r a t ion  
Hampton, VA 23665 
J u l y  19,   1979 
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APPENDIX A 

EQUATIONS FOR THE JET CENTERLINE AND VORTEX CURVE 

The f o l l o w i n g  steps can  be u t i l i z e d  to  c a l c u l a t e   p o i n t s   o n   t h e  j e t  c e n t e r -  
l i n e  or v o r t e x   c u r v e   a n d   t h e  associated c r o s s - s e c t i o n   a n g l e s .  (See f i g .  5 . )  
The curves are m o d i f i c a t i o n s  of e q u a t i o n  ( 3 )  : 

C 
F(x)/D = aRb [(X/D) - ( X l / D ) ]  

where   va lues  for a, b, and c are g i v e n   i n  table IV. A s t r a i g h t - l i n e   s e g -  
m e n t   r e p r e s e n t i n g   t h e  j e t  core is i n c l u d e d   i n   t h e   d e s c r i p t i o n  of t h e  j e t  
c e n t e r l i n e .  

1. For t h e  j e t  c e n t e r l i n e   o n l y ,   c a l c u l a t e  t h e  l e n g t h  of t h e  j e t  core by 
u s i n g   e q u a t i o n  ( 4 )  : 

where Q l / ~  = 6.2  and  Q2 = lR 1, w i t h   t h e   v a l u e  of d g i v e n   i n  
table  IV.  

2 2  

2. Locate t h e  e n d   p o i n t   o f   t h e   r e f e r e n c e  curve. 

C e n t e r l i n e  

x. = so cos 6 ;  zo = so s i n  6 

Vor t ex   cu rve  

3. Locate t h e  p o i n t   o n   t h e   r e f e r e n c e   c u r v e   t h a t   w o u l d   c o r r e s p o n d  to  
(xo,zo) for p e r p e n d i c u l a r  j e t  i n j e c t i o n .  

6 = 900 

6 # 9 0 0  
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w h e r e   t h e   p o s i t i v e   s i g n  is used   fo r  6 > 90° a n d   t h e   n e g a t i v e   s i g n  is used   fo r  
6 < 900. 

4 .  Locate a p o i n t   o n   t h e   c u r v e   a n d   c a l c u l a t e   t h e   c r o s s - s e c t i o n   a n g l e .  

6 6 90° (The  curve is s i n a l e   v a l u e d . )  

F o r   t h e   c e n t e r l i n e   o n l y ,  when  x I xo, 

z = x t a n  6 ;  9, = 6 

For   bo th   curves   for  x > xo, 

6 > 90° (The  curve is d o u b l e   v a l u e d   f o r  some v a l u e s  of x.) 

For   both  curves  when  x 5 x0, 

T h i s   s p e c i f i c a t i o n   o f   t h e  j e t  c e n t e r l i n e   a n d   v o r t e x   c u r v e s   f o r  a range   of  
e f f e c t i v e   v e l o c i t y  ratios and j e t  i n j e c t i o n   a n g l e s  is more compl ica ted   than  
t h a t  f o r   p e r p e n d i c u l a r  j e t  i n j e c t i o n ,   b u t   t h e   p r e c e d i n g   e q u a t i o n s   c a n   b e  pro- 
grammed on a p o c k e t  calculator f o r   c o n v e n i e n t   n u m e r i c a l   c a l c u l a t i o n s .  
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APPENDIX B 

EXPERIMENTALLY  DETERMINED VELOCITIES AND PRESSURES 

P r e s e n t a t i o n  of R e s u l t s  

The basic results of t h i s   i n v e s t i g a t i o n  are the   measu red  pressures a n d   t h e  
velocities de termined  from them. For p resen ta t ion ,   t hese   measu remen t s  are 
a r r a n g e d   i n   f o u r  major groupings:  (1 ) j e t  c e n t e r l i n e  data which   cons i s t   o f  
m e a s u r e m e n t s   i n   t h e   p l a n e  of f low symmetry for t h e   p u r p o s e s  of e s t a b l i s h i n g   t h e  
j e t  c e n t e r l i n e ;  (2 )  vo r t ex -cu rve   da t a   wh ich   cons i s t  of measurements i n   t h e  
p l a n e  of f l a w   s y m m e t r y   f o r   t h e   p u r p o s e   o f   e s t a b l i s h i n g   t h e   v o r t e x   c u r v e   a n d   f o r  
u s e   i n   t h e   f i l a m e n t   v o r t e x  model: ( 3 )  spec ia l -case   measurements  acquired i n   t h e  
symmetry   p lane   very   near   the  je t  orifice w i t h   m u l t i p l e  rake placements  to  pro- 
v i d e  a r e l a t i v e l y   f i n e   m e a s u r e m e n t   g r i d   ( t h e s e   m e a s u r e m e n t s  are used to  deter- 
m i n e   p o i n t s   o n   t h e  j e t  c e n t e r l i n e   a n d   v o r t e x   c u r v e   n e a r   t h e  j e t  orifice for 
p e r p e n d i c u l a r  j e t  i n j e c t i o n ) :   a n d  ( 4 )  extended  cross s e c t i o n s   w h i c h   c o n t a i n  
measurements   t aken   ou t  of the   p l ane   o f   f l ow  symmet ry .   Fo r   each   o f   t hese   g roups  
of data, t h e   l o c a t i o n  of a cross s e c t i o n  is g i v e n  by t h e   l o c a t i o n  of t h e  t i p  of 
probe 4 o f   t h e  rake i n   t h e   w i n d - t u n n e l   c o o r d i n a t e   s y s t e m  (X/D,O,Z/D) a n d   t h e  
i n c l i n a t i o n  PHI of t h e  rake w i t h   t h e   Z - a x i s .   T h e   l o c a t i o n s   o f   p o i n t s   w i t h i n  
a cross s e c t i o n  are g i v e n  by t h e i r   c o o r d i n a t e s  (XB,YB,ZB) i n  a sys t em  ob ta ined  
by r o t a t i n g   t h e   w i n d - t u n n e l   c o o r d i n a t e   s y s t e m   t h r o u g h   a n   a n g l e  PHI and locat- 
i n g   t h e   o r i g i n  a t  t h e  t i p  of probe 4 o f   t h e  rake of  seven  yaw-pitch probes. 
( S e e   s k e t c h  (d)  .) A l l  c o o r d i n a t e s  are nondimensional ized by t h e  j e t  diam- 

UINF 

Sketch  (d)  

eter D. The v e l o c i t y   d e t e r m i n e d  a t  e a c h   l o c a t i o n   i n  a cross s e c t i o n  is speci- 
f ied  by t h e   t h r e e   m m p o n e n t s  (UB,VB,WB) r e l a t i v e  to t h e   c o o r d i n a t e   s y s t e m  (XB, 
YB,ZB) and is nondimensional ized  by  the cross-flow speed  UINF. The s ta t ic  
and t o t a l  p r e s s u r e s  are p r e s e n t e d  as d i m e n s i o n l e s s   c o e f f i c i e n t s  CP and CPT. 
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Tables  B1 to  B 1 3  c o n t a i n   t h e   m e a s u r e d   p r e s s u r e s   a n d   v e l o c i t i e s .   T a b l e s  B1 
and B2 i n c l u d e  a few  measurements  where  the j e t  was h o t t e r  or colder t h a n   t h e  
cross f l aw.   F igu res  B1 t o  B3 and part (a) of f i g u r e s  B4 t o  B13  g r a p h i c a l l y  
d i s p l a y   t h e   s y m e t r y   p l a n e   v e l o c i t y   v e c t o r s   p r o j e c t e d   o n t o   t h e  X-2 symmetry 
p lane .  The l e n g t h   o f   t h e   v e l o c i t y   v e c t o r s  is p r o p o r t i o n a l  to U,, which i s  one 
j e t  d i a m e t e r   i n   l e n g t h .   P a r t   ( b )   o f   f i g u r e s  B4 to B13 g r a p h i c a l l y   d i s p l a y s   t h e  
e x t e n d e d   c r o s s - s e c t i o n   v e l o c i t y   v e c t o r s   p r o j e c t e d . o n t o   t h e  YB-ZB measurement 
plane . 

CP 

CPT 

D 

DELTA 

PHI 

PHIC 

PHIR 

PHIV 

P 

P t  

q 

R 

THETA 

TINF 

TJ  

UB ,vB ,wB 

uc 

UINF 

x,y ,z  

symbols 

static p r e s s u r e   c o e f f i c i e n t ,   ( p  - p w ) / s  

to t a l  p r e s s u r e   c o e f f i c i e n t ,   ( p t  - p t , , ) / s  

je t  d i ame te r ,  cm ( i n .  ) 

je t  i n j e c t i o n   a n g l e   r e l a t i v e  to c ross - f low  ve loc i ty ,   deg  
(same as 6 i n   t e x t )  

angle   between Z and ZB axes ,   deg  

angle  between z and Zc axes ,   deg (same as ($c i n  t e x t )  

angle   in   symmetry  plane  between Z a x i s   a n d  cross s e c t i o n  of 
measurement,  deg 

angle   between z and Zv axes ,   deg  (same as a V  i n   t e x t )  

s ta t ic  p r e s s u r e ,  Pa ( l b / f t 2 )  

to ta l  p r e s s u r e ,  Pa ( l b / f t 2 )  

dynamic  pressure,  Pa ( lb / f t2)  

e f f e c t i v e   v e l o c i t y  ra t io ,  d e f i n e d  by e q u a t i o n  (1) 

a n g l e   t h a t  local f l u i d   v e l o c i t y  makes  with  probe,   deg 

temperature of cross f low,  K (R) 

t empera ture   o f  j e t  f l u i d  a t  j e t  o r i f i c e ,  K (R) 

XB, YE3, and ZB components   of   veloci ty ,  m/sec ( f t / s e c )  

j e t  c e n t e r l i n e   s p e e d ,  m / s e c  ( f t / s e c )  (same as  U4 i n   t e x t )  

c ross - f law  speed ,  m/sec ( f t / s e c )  (same as U, i n   t e x t   a n d   f i g u r e s )  

Ca r t e s i an   coord ina te   sys t em;   deno tes   w ind- tunne l   coo rd ina te   sys t em 
when n o   s u b s c r i p t  is used 
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XB,YB,ZB Cartesian  coordinate system fixed  to  rake of probes 

Subscript: 

W refers   to  cross-flaw  condition 

Index t o  Figures 

[Each figure has a corresponding table which contains  tabulated  data 
of velocit ies and pressures i n  the  jet  vicinity] 

Figure 

B13 

R 

4,8 
4 ,8  
4,8 

4 
4 
4 
4 
4 
8 
8 
8 
8 
8 

6 ,  de9 

45 t o  1 0 5  
45 t o  105 

90 
45 
60 
75 
90 

105 
45 
60 
75 
90 

105 

Data type 

Je t  center  line 
Vortex curve 

Near j e t  
Cross section 
Cross section 
Cross section 
Cross section 
Cross section 
Cross section 
Cross section 
Cross section 
Cross section 
Cross section 
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TEST 
CChD I T  I O N S  

DELTA= 45 DEG 
R= 4.04 

U I N F l  4 2 . 1  M / S  
X/D= 7.00 

, z / c =  3.72 
P h l =  15.0 DEG 

~ DELTA= 45 DEG 
R= 4 . 0 5  

UlhF; 4 2 . 0  M / S  
x / c =  s.ea 
z /o=  4.44 
PHI=  5 . 0  DEG 

DELTA= 4 5  DEG 
R= 4.04 

UIhF= 42.0  M / S  
X / D =  2 0 . 0 0  
Z / O =  6.00 
PHI= E.0 DEG 

R =  4 . 0 5  
DELTA= 6 0  3 E G  
UINF= 42.3 M / S  
X /D=  2.00 

FHl= 2 S . O  D E G  
L/o= 2.50 

* =  4.07 
DELTA: L O  OEG 
UIkF=  42.3 M / S  
x /o=  4.09 

P H I =  40.0 OEG 
z/o= 2.50 

t7= 4.05 
DELTA= 6 0  DE(; 
UIhF= 42.4 V / S  
x / c =  4.01 
L/D= 2.26 
PHI=  40.0 DEG 

DELTA= 60 DEG 
UIhF-  42.2 M / S  

L/D=  3. t7  
x / c =  4.00 

PHI=  26.3 3EG 

TABLE B1.- TABULATED  VALUES OF SYMMETRY PLANE VELOCITIES 

AND PRESSURES I N  JET CENTERLINE VICINITY 

ZB/O 

-1.5  -1.0 -0.5 0 . 5  0.5 1.0 1.5 

1.05 1.23 1.27 1.61 1.70 1.08 0.94 
0.04 0.01 -0.03 -0.01 -0.02 -0 .02  0.01  

-0.16 -0 .49  -0.39 -0.40 -0.38 - 0 . 0 8  0.08 
0.40 0.53 0.38 0 . 0 8  0 . 0 8  -0 .05  -0 .18  

3.12 0.30 0.39 1.21 1 - 5 6  0.10 0.01 
20.9 23.3 17.2 4.3 4.3 4.8 11.2 

0.01  -0.03  -0.02  -0.01 0.0 -3.01 -0.01 
1.14 1.27 1 - 3 0  1.44 1 - 4 9  1.13 1.00 

0.41 0.44 0.34 0.18 0.12 0.04 -0.06 

0.20 0.48 0.54 0.89 1.01 0.19 0 . 0 2  
1Y.9 19.4 15.4 7.8 5.7 4.2 4.8 

-0.27  -0.33  -0.27 -0.22 -0.23  -0.10 0 . 0  

-0.01 -0.04 -0.02 - 0 . 0 2  -0.01 - 0 . 0 2  0.0 
1 - 1 7  1.23 1.29 1.31 1.25 1 - 1 8  1.09 

-0.16 -0.17 -0 .20  - J . l4  -0.11 -0.06 - 0 . 0 6  
0.29 0 . 2 6  0 . 2 0  0.12 0.10 0.03 -0.01 

0.30 0.42 0.50 0.60 0.48 0.34 0.13 
14.6 13.2 10.0 7.0 6.1 4.6 3.4 

-0.11 -0.05 0.07 0.03 0 . 0 2  0.01 0.03 
1.05  1.08 1.01 3.56 0.83 0.76 0.76 

-0.56 -1.50 -0.83 -1.54 0.11 0 . 2 5  0.17 
0.44 1.04 0.54 0.14 -0.33 -0.45 -0.53 

-0.26 -0.22 -0.51 10.81 - 0 . 1 0  0.03 0 . 0 2  
23.9 44.1 28.1 2.7 21.5 31.0 34.9 

0.97 0.97 1.06 1.23 1 - 0 9  1 - 9 9  1.74 
0 . 0  "0.05 -0.07 0.01 0 . 0 5  0.01 0.04  

- 0 . 2 7  0 . 0  0.42 0.70 0.34 -0.44 -0.20 
0.3 -0.16 -0.57 -1.12 -0.53 -1.19 -1.09 

-0.17 -0.21 -0.25 -0.10 -0.22 2 .05  1 - 0 2  
17.7 5.3 22.3 29.8 17.4 12.5 6.7 

-0.05 -0.05 0.01 0.01 0.02  0.03 0.02 
1 - 0 4  1.27 1.26 1.18 2.24 1.15 0.79 

-0.31 -0.93 -0.86 -0.62 -1.18 -0.31 0.19 
0.16 0 . 4 8  0.51 -0.04 -0.45 -0.29 -0.45 

-0.20 -0.06 0.01 - 0 . 2 2  3.15 0.12 0.02  
+.a Z J . ~  21.9 2.8 1 1 . 6  1 4 . 2  30.0 

1.03  1.09 1 - 0 5  2.02 1.39 0.91 0.88 
0.04 0.02 0.01 0.0 -0.01 -0.01 0 . 0 2  
0.66 0.R3 0.39 -0.01 - 0 . 0 2  -0.24 -0.33 

-0.73 -0 .88  -0.47 -0.96 -0.42 0.12 0.16 
-0.11 0.03 - 0 . 2 1  2.30 0.54 0.02 0 .05  

31.2 37.4 20.4 2.5 3.2 15.1 20.9 

T 
" 

I 

i 

UB/UINF 
VB/UI NF 
WB/UINF 

CP 

THETA 
CPT 

UB/UINF 

WB/UINF 
VB/UlNF 

CP 

THETA 
CPT 

UB/U I NF 
VB/UINF 
UB/U I NF 

CP 
CPT 

THETA 

UB/UINF 
VB/UINF 
WR/UlNF 

CP 

THETA 
CPT 

UB/UINF 
VB/UINF 
MB/UINF 

CP 
CPT 

THETA 

UR/UINF 
VB/UINF 
WB/UINF 

CP 

THETA 
CPT 

THETA 
CPT 

ZR/D 

-1.5 -1.0 -0.5  0.0 0.5 1.0 1.5 

1 - 1 9  1.20 1-28  1.55 1.21 0.95 0.96 
J.0 O.Jl 0.02 0.0 0.0 0.0 0.02 

-0.56 -0.43 -0.36 -0.31 -0.12 0.05  0.07 
0 . 5 8  0.48 0.18 0.01 -0.05 -0.17 -0.24 

0.21 0.25 0.32 1 - 1 1  0.35 -0.01 0 . 0 5  
26.2 21.8 8.3 2.6 3.5 10.6 l b . 4  

3.0  0.02  0.01 0.01 0.0  0 .0  0.0 

-0.38 -0.29 -0 .22  -0.22 -0.14 -0.04 0 . 0 2  
0.44 0.40  0.26  0.09 -0.01 - 0 . O R  -0.15 

20.4  18.4  12.3 4.5 2.7 5.2 J.1 
0.29 0.34 0.33  0.51  0.44 0.11 0 .02  

1.21 1.21  1.21 1.31  1.25  1.07 0.07 

-0.01 - 0 . 0 2  -0.01 -0.03 -0.01 -0.02 0.0  
1.16 1.19 I.lR 1.19 1.17 1.09 1.02 

-3.18 -0.19 -0.15 -0.14 -0.11 -0.07 - 0 . 0 2  
0.31 0.27 0.21 0.14 0.04 0 . 0 2  -0.05 

0.26 0.32 0.30 0.31 0.27 0.13 0 .03  
15.5 13.5 10.7 8.6 4.6 4.7 4.6 

-0.11  0.07 O . O R  0.07 0.02 0.03 0.03 
1'-02  0.83  0.93 2.66 0.89  0.75  0.74 

0.83 0.86 0.18 0.10 -0.19 -0.40 -0.49 

-0.75  -0.89  -1.3s 4.55 -0.23  0.03 0.04 
-1.50  -1.33  -1.26 -1.73 -0.06 0.31 0.25 

39.7  46.0  11.5 2.2 11.9 2Fl.4 33.7 

0.99 0.80 1.13 2.06 1-11  0.84 0.94 
0 . 0  -0.06 -0 .02  0.01 -0.03 0 .0  0.01 
0.72 0.55  0.0 0.0 -0.11 -0.31 -0.39 

-0.63 -0.86 -0.54 2.28 0.04 0.0  0.06 
-1.14 -0.81 -0.83 -1.04 -0.21 0.20  0.19 

35.8 35.1 3.2 2.2 6.8 2 0 . 5  24.9 

0.01 0.01 0.0 -0.01 0 . 0  -0.01 0.02 
1 - 0 5  0.99 1-11  1.24 1.18 1.01 0.96 

-0.44 -0.36 -0.27 -0.22 -0.17 -0.04 0.05 
3 - 3 1  3.18 0.01 -0.07 -0.11 -0.16 - 0 . 2 2  

-0.25 -0.33 -0.03 0.34 0.24 0.02  0.03 
16.5 10.4 3.0 4.4 6.1 9.5 13.2 

0.02 -0.01 0.01 0.01 0.01 0.0 0.0 
1.04 1.01 1.11 1.15 1.10 1.01 0.99 

-0.32 -0.21 -0.18 -0.15 -0.10 "0.04 0.0  
3.24 0.12 0 . 0 2  -0.03 -0.07 -0.12 -0.17 

-0.17 -0.16 0.05 0.18 0.11 0 . 0  0 . 0 2  
13.1 7.5 2.7 3.1 4.6 7.4 10.4 

CONOITI3NS 
TEST 

x =  4.05 
DELT4= 6 3  DEG 
UINFZ 42.1 M/S 
X/D= 6.50 

PHI=  19.0 OEG 
Z/D= 4.89 

Q =  4.05 
DELTA= 60 OEG 
UTNF= 42.2 M/S 
X/D= 10.00 
z/o= 5.69 
P H I =  14.0 DEG 

Q =  4.35 
DELTA= 60 DEG 
I l INF= 42.2  M/S 
X/D= 20.00 
Z/D=  7.50 
D H I =  7.0 DEG 

K =  4.06 
DELTA= 75 OEG 
I I IYF= 41.8 M/S 

Z/D= 3.42 
x/o= 2.00  

P H I =  39.0 OEG 

R= 4.06 
OELTA= 7 5  DEG 
UINF- 42.2 M I S  
X/D= 3.00 

P H I =  31.0 OEG 
Z/D= 4.13 

R =  4.03 
DELTA= 7S OEG 
UINFc 42.3 M/S 

Z / D =  5.88 
X/D= 7.53 

- H I =  19.0 OEG 

Q =  4.07 
;)ELT4= 7 5  DEG 
UINF= 42.3 M/S 
X/D= 10.00 
7 / 0 =  6 - 6 7  
PHI=  13.0 DEG 



N 
0 

TABLE B1 .- Continued 
~ ~ _ _ _ _  

ZB/D 

-1.5 -1.0 - 0 . 5  0 .0  0.5 1.0 1.5 COhD I T  ION4 
TEST 

CDNPTTIDNS 
TEST 

ZB/D 

-1 .5 -1.0 -0 .5 0 .0  0 . 5  1 . 0  1 . 5  

-0.04 -0.01 -0.02 -0.01 -0.01 0 .0  0.0 
0.54 0.55 0.71 0.94 1.07 1 - 1 5  1 . 1 1  

-0.30 -0 .28 - 0 - 2 8  -0.30 -0.26 -0.21 -0.15 
0.07  -0.01 -0.11 -0 .12 -0.14 -0.14 -0 .16 

- 0 . 9 9  -0.98 -0.76 -0.40 -0.0.9 0.14 0.12  
10.4 3 . 8  9 . 4  8 . 3  8.3 7.4 8 .8  

R =  4.04 
DELTA= 90 DEG 
UIhF=  4 2 . 0  H / S  
x/o= 4.00 
Z/O= 5-50 
PHI= 2 4 . 9  DEG 

0.60  
0.01 

-0 .64  
0 .27  

-1 .20  
24.1 

-0.02 
0.81 

-0.03 

-0 .   F7  
-0 .64 

4 . 4  

0 .0  
1.24 

-0.15 
-0  -5.9 
- 0 . 0 2  

7.5 

1 -  4 4  
-0 .0 I 
-0 .  I 1  
-0 .48 

0.64 
5 . 2  

-0 .03  
1 . 1 0  

-0 .16  
-0.14 

0.11 
9.2 

-0.02 
0.96 

-0.24 
0.04 
0.03  
1 4 - 6  

-0.01 
0.93 

-0.32 
0.10 
0.06  
1 9 . 3  

UB/U I NF 
WB/UINF 
HB/UINF 

ro  

THETA 
EPT 

' R =  3 .91 
DELTA- 90 DEG 
UIhF-  42.0 M / S  
x /c= 10.00 
z / c =  7.47  
pnt= 1 4 . 0  DEG 

0 .93  
0 .0  

-0 .06 

-0.41 
-0 .23  

4.R 

1.01 

-0.10 
0.0 

-0.21 
-0. I 8  

6 - 6  

0 .o 
1.12 

-0.13 
-0 .16  

0 . 1 1  
7 .3  

0 .0  
1. I2 

-0.  I 4  
-0.14 

0 . 1 3  
7 . 8  

1 - 0 7  

-0.15 
0.0  

-0.09 
0.08 

8. 7 

1.01 

-0.17 
0.0 

-0.03 
0 .02  

9 . 8  

0 .o 
0.99 

-0.20 

0.02 
0.0 

11.8  

UB/UINF 
VB/UINF 
UB/UINF 

CD 

0.80 0.93 1.07 1.13 1.07 1.02 1.00 

-0.12 -0.15 -0.16 -0.16 -0.17 -0.19 -0 .23  
0.02 -0 .02  -0.01 -0.02 -0.01 -0.01 -0.01 

-0 .29  -0 .27  -0.23 -0.18 -0.13 -0.08 -0 .03  
-0 .63  -0.38 -0.04 0 . 1 3  0 .04  0.01 0.04 

8 - 4  9 . 9  9 .2  8.8 9.4 10.8 13.3  

4 =  4.07 
DELTA= 105 DEG 
UINF= 42.3  M / S  
K/D= 7.99 

pH.= 16.0 DEG 
z/o= 8.10 

THETA 
t P T  

R= 4.02 
DELTA= 90 DEG 
UINF= 42.0 M / S  
X/D- 10.00 
z / c -  7.47 
P H I =  14.0 DEG 

0.88 
0.0 

-0.02 
-0 .27  
-0.50 
3.3 

0.01 
1.03 

- 0 . 0 8  
-0 .26 
-0.19 

4 . 9  

-0.01 
1.07 

-0 .12  
-0.20 
-0 .04  

7 .3  

-0.02 
1.10 

-0.14 
-0.13 

0 . 1 1  
8 . 4  

-0.01 
1.06 

- 0 -  15 
-0.09 

0 .07  
8.6 

0.0 
1.00 

-0 .16 
-0.03 

0.0 
9. 8 

0 .99  

-0.20 
0 .0  

0 .O 
0 . 0 2  
11.7 

UB/U I NF 
VB/U I NF 
UB/UI NF 

C D  

-0.01 0.0 -0 .02  -0.01 -0.01 -0.01 0.0 
0 .64  0.70 0.80 0.94 1.03 1.10 1.06 

0.0  -0 .02 -0.09 -0.12 -0.13 -0 .13  -0 .17  
- 0 . 2 0  -0.21 -0.23 -0.18 -0.16 -0.17 -0.11 
-0.79 -0.71 -0.57 -0.29 -0.07 0 .06  0 . 0 6  

4.2   3 .5   7 .5   8 .3  8.0 7 . 5   9 . 5  

R= 4.06 
DELTA= 105 DEG 
UINF= 42.5 M / S  
X/D= 11.00 
Z/D= 7.66 
P H I =  13.1 DEG THETA 

EPT 

R= 3 .57 
DELTA= 9 0  DEG 
UINF= 42.0  H / S  
x /c= 10.00 
z / c =  7.47 
PHI=  1 4 . 0  DEG 

0 . 9 2  
0 .0  

-0 .02  
-0.2R 
-0.43 

3.0 

1.03 

- 0 . 0 8  
0 . 0  

-0 .26  
-0.19 

5.5 

- 0 . 0 2  
1 . 1 0  

-0.12 
-0 .19  

0.04 
7.6 

-0.01 
1.09 

-0 .13  
- 0 -  1 3  

0.08  
7 . 9  

1 - 0 3  
-0.02 
-0.15 
-0.09 

0.0 
9.1 

-0.01 
1 .oo 

-0.18 
-0.04 

0 .0  
10.9 

0.99 
0.0 

-0.21 
-0.01 

0.02 
12.3 

UB/U I NF 
VB/UINF 
WB/UINF 

ro 

-0.01 -0.01 0.0 -0.01 -0 .02  -0 .01 0 . 0  
0.90 1-00  1.09 1 - 0 8  1.06 1.02 1.00 

-0.12 -0.13  -0.13 -0.14 -0.15  -0.16  -0.19 

-0.36  -0 .16  0 .03  0 .06  5 .07 0 . 0  0 . 0 2  
-0.19  -0.19  -0.16  -0.12 -0.08 -0 .06 -0.01 

8.5  8.2  7.2 8.0 9.0  9 .7  1 1 . 2  THETA 
EPT 

R= 4.06 
DELTA= 90 DEG 
UINF-   42 .1  M / S  
X/D= 2 0 . 0 0  
z/c= 9.38  
PHI= 7 . 5  DEG 

0-99  1-09  1.05 1 - 0 2  1-04  1 - 0 3  1.00 
0.01 0.0  0 .0  0.0 -0.01 -0.01 -0.01 

-0.05 -0.05 -0 .07  -0.09 -0.09 -0.10 -0.11 

-0 .10  -0 .06  0.03  0.01 0.03  0.02 0.02 
-0 .09  "0.14 - 0 . 0 8  -0 .05  -0 .06 -0.05 -0.01 

UB/UINF 
VB/UINF 
YB/UI NF 

ro  

0.01 0.0 -0.03 0 . 0  -0.02 -0.03 -0.01 
1.36 1 - 5 5  2 - 0 9  3.43 3.59 1.90 0.98 

-0 .50  -0 .88 -1 .39 - 2 . 0 3  -1 .99  -1.15 -0 .16  
0.39  0.53 0.26 0.12 0.24 0.16 -0 .25  

0.50 0.82 2.11 9.16 10.53 1 - 5 4  - 3 . 1 4  
1 6 . 3  19-0  7.8 3 .3  4.8 5 . 9  14.6 

Fi= 7.97 
DELTA= 45  DEG 
UINF= 37.9 M / S  
X/D= 7.00 
Z/D=  5.38 
P H I =  27.9  DEG THETA 

EPT 

0.42 1.03  1.51 1.33 1 .03  0.92 0.88 
-0.01 0.01 0 - 0  -0 .02 - 0 . 0 3  -0.02 -0.01 
- 0 . l I  -0 .20  -0.15 -0.10 -0 .23 -0.31 -0 .39  
-0.83 -0.91 -0 .82 -0.44 - 0 . 1 1  0.08 0.13 
-1 .64  -0.81 0.51 0.34 0.01 0.03 0 .06  

14.9 11.2 6-1   5 .3   12 .9   19 .3   23 .9  

U W U I  NF 
VB/UINF 
WB/UINF 

0.01 0.0 0.0 -0.01 -0.03 -0 .03  -0 .01  
1.45 1.66 2 .17  2.84 2.67 2 .00  1.26 

-0.62 -0.80 -0 .99 -1.30 -1.04 -0 .76 -0.31 

15.8 12.6 5.7 4 .5  4.9 5.3 4.9 

0.40 0.36  0 .19  0.16 0.17 0 . 1 3  -o.oe 
0.65  1 .13  2.82 5.98 5.29 2.29  0 .30 

R =  7.96 
DELTA= 4 5  DEG 
UINF= 38.0  M/S 
X/D= 10.00 
Z/D= 6.88  
P H I =  23.1 DEG 

CP 
CPT 

THETA 

UB/U 1 NF 
VB/UINF 
WB/UINF 

CP 

THETA 
CPT - 

0.69 1.09 1.26 1 - 1 7  1.07 1.00 0.96 
0 .02  0 .01  -0.01 -0.01 -0.01 -0.01 0.0 

-0.17 -0.18 -0 .17  -0.18 -0 .19 "0.26 -0.32 
-0.51 "0.56 -0.42 -0 .25  -0.15 -0 .02 0 .03  
-1.00 -0 .32  0.21 0.15 0.04 0.05 0.06 

1 3 . 7  9 . e  8.1 9 . 3  10.5 15.0 18.3 

R =  8.01 
DELTA= 45 DEG 
UINF= 38.0 M/S 

Z/D= 10.10 
X/D= 20.00 

PHI= 1 5 . 1  DEG 

DELTA= . i o 5  DEG 
U I L F =  42.3 H/S  
X / D =  4.00 
Z i i =  7.06 
PHI= 34.0  nEt. 

." 

a .  Cold j e t ,  T J / T I N F  = 0.90 
b. Hot jet, T J / T I N F  = 1 . 2 1  



TABLE B1 .- Cont inued  

I F  CDND I T  IONS 

I- 

'DELTA= 60 DEG 
UIhF= 37.9 M / 5  
X/D= 4.00 
z /c= 5.44 
PHI=  93.0 DEG 

R= e.oo 

R= 8 . 0 0  
DELTA= 60 DEG 
UIhF= 37.9 M / S  
X/D= 7 . 0 0  
Z/D= 7-73 
PHI=  33.0 DEG 

R= 7-98 
DELTA= 65 DEG 
UINF= 3P.1 M / S  
X/D= 10.00 
z /o= 5.22 
PHI=  24.0 DEG 

R= 7.99 
DELTA= 6 0  DEG 
UIhF= 38.0 M/S 
X/D= 20.00 
Z/D= 13.05 
P H I =  15.0 DEG 

R= e.oo 
DELTA= 7 5  UEG 
UINF= 38.0 M / S  
X/D= 2.03 
Z/D= 5.26 
PHI= 55.0 DEG 

R =  7.95 
DELTA= 75 DEG 
UINF= 38.4 M / 5  
x /o= 4.03 
Z/D= 7.75 
PHI=  45.0 DEG 

Z W D  

-1.5 -1.0 - 0 . 5  0.0 0.5 1.0 1.5 

0.16  0.07  -0.24 -0.31 -0.18 -0.01 -0.02 
1.04 1-36 1 -64  5.51 2.29 0.56 0.50 

0.43 0.97  0.62  -0.22 0.11 -0.59  -0.67 

-0.22 - 0 ~ 1 1  -0.89  35.91 2.23  -0.07 -0.03 
-0.52  -1.92  -3.06 3.43 -2.14 0.26 0.26 

23.3  35.6  22.5 5.4 6.7 46.7 53.1 

0 . 0 5  -0.04 -0.06 -0.02 -0.06 -0.07 -0.01 
1.28 1.52 2.19 4.17 2.84 0.82 0.66 

-1.23 -1.61 -2.45 -2.99 -2.39 -0.26 0.31 
0.74 0.73 0.18 0.07 0.25 -0.30 -0.48 

-0.03 0.27 1-47 14.41 4.99 -0.49 -0 .03  
30.1 25.7 5.9 2.5 6.0 21.5 36.3 

1 - 4 6  1.62 2.11  2.78 2.47 1 - 4 1  0.83 
0.02 -0.02 0.0  0.0 -0.02 -0.02 0.01 

-1.11 -1.02 -1.17 -1.51 -1.20 -0.45 0.10 
0.54 0.34 0.10 0 . 0 9  0.10 -0.01 -0.27 

0.32 0.74 2.34  5.42 4.01 0.54 -0.14 
20.5 12.2 3.6 '  3.1 3.6 3-3 18.3 

-0.03 -0 .03  -3.03 -0.04 -0.07 -0.01 0.0 
1.33 1.35 1-68 1.96 2.03 1.70 1-23 

-0.78 -0.66 -0.75 -0.71 -0.71 -0.63 -0.29 
0.54 0.39 0.20 0.15 0.14 0.10 -0.04 

22.4 16.6 6.9 5.9 h.2 4.5 3.4 
0.29 0.31 1-15 2.21 2.51 1-31 0.22 

-0 .08  -0.01 0.07 0.0 
1 - 3 1  1.29 1.90 4.72 

-2.35 -2.27 -3.51 -2.63 - 1.05 0.99 0.22 0.01 

-0.50 -0.59 -0.82 20.28 
39.0 37.5 6.7 1.5 

0 .05  0.04 
1.37 1.40 

-1.65 -1.38 - 0.75 0.47 

-0.21 - 0 . l R  
2R.5 18.5 

1.92 2.74 
0.05  0.02 
0 . 0 8  0.04 

1.31 5.11 
-1.45 -1.60 - 
2.3 1.8 

0 . 0 3  -0.04 0.0 
2.67 0.52 0.38 

-2.75 0.03  0.45 
0.25 -0.47 -0.61 

3.64 -0.47 -0.04 
5.4 42.6 58.4 

0.04 -0.01 0.03  
2.24 1.06 0.67 

.In29 -0.30 0.26 
0.14 -0.09 -0.38 

2.83 -0.16 -0.15 
3.5 5.3 29.6 

IIB/UINF 
WB/UI  NF 
WB/UINF 

CP 

THETA 
CPT 

JB/UINF 
WB/UINF 
IB/UINF 

CP 
CPT 

THETA 

JB/UI NF 
WB/UINF 
IB/UINF 

CP 
CPT 

THETA 

JB/UINF 
WB/UINF 
YB/UI NF 

CP 

THETA 
CPT 

UB/UINF 
WB/UINF 
WB/UINF 

CP 

THETA 
CPT 

UB /U I  NF 
VR/UINF 
WB/UI NF 

CP 
CPT 

THETA 

UB/UI NF 
WB/UINF 
IB/U I NF 

CP 

THETA 
CPT 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

0 . 0 3  0 .03  -0.03 0.03  
1.25 1.17 1-39 1-63 

-0 .85 -0.52 -0.59 -0.66 
0.24 0.23 0.03 -0.04 

-0.23 -0.10 0.35 1.00 
10.7 11.1 4.4 2.3 

~ 1.84 1.20  0.97 
i 0.0 -0.04 -0.01 

-0.75 -0.27 -0.03 
-0.03 0.05 -0.16 

1.66 0.17,-0.06 i 3.0 5.3 10.2 

1.21 1.19 1.40 1.59 1.57 1.30 1-08 
0.07 0.04 0.01 0.07 -0.02 "0.03 -0.01 

-0.68 -0 .58  -0.49 "0.52 -0.50 "0.31 -0.11 
0.25 0.16 0.07 "0.02 -0.04 "0.04 -0.13 

-0.15 -0.13 0.47 1.02 0.98 0.39 0.09 
11.7 7.5 3.7 0.7 3.9 4.3 7.9 

-0 .01  
1.24 

0.33 

- 0 . 0 5  
-0 -69 - 

15.3 

0.01 
1.30 

.0.55 
0.13 

0.18 
6.2 

-0.02 
1-40 

-0.58 
0.05 

0.40 
4.3 

0.03 -0.04 -0.02 -0.01 
1.54 1.51 1-28 1.02 

-0.05 -0.05 -0.07 -0.17 
-0.42 -0.41 -0.28 - 0 . 0 8  
0.96 0.88 0.37 0.0 
2.7  4.9 5.0 10.1 

-0.01 0.01 -0.02 -0.01 -0.01 -0.02 -0.01 
1-29 1.27 1.35 1.57 1.43 1.29 1.34 

-0.62 -0.58 -0.43 -0 .53  -0.32 -0.29 -0.10 
0.31 0.15 0.04 -0.01 -0.04 -0 .08  -0.16 

0.01 0.07 0.39 0.97 0.72 0.38 0.02  

-0.02 -0 .03  -0.02 -0.01 -0.01 -0.01 -0.02 
1.12 1.13 1.18 1-16 1.19 1.14 1 .09  

0.19  0.07 0.01 -0.02 -0.07 -0 .09 -0.13 

-0.01  0.08 0.18 0.20 0.24 0.18 0.09 
-0.31 -0.20 -0.21 -0.15 -0.18 -0.14 -0.12 

1.12 1.32 1.68 1-76 1.43 1 -00  
0.03 0.01 0.02 0.01 -0.01 -0.01 

-0.98 -0 .89  -0.94 -0.75 -0.55 -0.D8 
0.34 0.05 -0.04 -0.02 -0.02 -0.16 

- 0 . 6 1  -0.14 0.91 1.38 0.52 -0.05 
16.9 2.7 2.1 2.0 2.6 9.3 

0.76 
0.01 

-0.33 
0.21 

-0.09 
23.1 

-0.01 0.01 -0.01 0 .0  -0.01 0 .0  -0.01 
1.09 1.20 1.20 1.20 1.09 1.00 0.94 

-0.38 -0.36 -0.28 -0.25 -0.10 -0 .03  0.09 
0.13 -0.02 -0.01 -0.06 -0.14 -0.14 -0.23 

-0.18 0.08 0.16 0.20 0.10 -0.01 0.02 
7.2 2.3 3.2 4.0 8.1 A . 5  1 4 . 1  

CDNDITIDNS 
TEST 

P= 8.04 
DELTA= 75 DEG 
UINF= 21.1 M/S 
X/D= 10.00 
Z/D= 11.90 
P H I =  27.0 DEG 

9= 8.03 
>ELTI= 75 DEG 
UINF= 21.1 M/S 
X/D= 10.00 
Z/D= 11.90 
PHI -  27.0 DEG 

?= 8.07 
DELTA- 75 DEG 
UINF= 31.5 MIS 
X/D= 10.00 
Z/D= 11.90 
D H I =  27.0 DEG 

9 =  8.01 
DELTA= 75 DEG 
UINF= 37.8 Y / S  

Z/D= 11.90 
x/o= 10.00 

P H I =  27.0 DEG 

D =  8.03 
I)ELTA= 75 DEG 
UINF- 37.9 W S  
X/D= 20.00  

P H I =  18.0 DEG 
Z/D= 15.50 

R =  8.00 
DELTA= 90 DEG 
UINF= 38.1 M/S 
X/D= 4.00 
Z/D= 10.31 
P H I =  40.9 DEG 

9= 8.02 
3ELTA= 90 DEG 
UINF= 21.1 M I S  
X/D= 9.50 
Z/D= 14.01 
PHI=  25.0  DEG 

0 .  Cold j e t ,  TJ/TINF = 0.90 



TABLE B1 .- Concluded 

7 =  e.04 
)ELTA= 9 5  DEG 
J IhF=  2 1 . 1  M / S  
U/D= 9.50 
Z / C =  14.01 
' H I =  2 5 . 0  DEG 

?= 
)ELTA 
U I kF= 
x /c= 
z / o =  
PHI=  

Q= 
DELTA= 90 DEG 
U I k F =  31.6 H / S  
X / D =  9.50 
Z / D =  1 4 . 0 1  

7.99 

P H I =  25.0 D E G  

R= 7.59 

UINF= 39.2 M / S  
DELTA= 105 DEG 

X/D= 3 .00 
z /c=  12 .00  
PHI=  43.1 DEG 

~ i =  e.02 
DELTA= 105 DEG 
U I h F =  38.0 H / S  

Z / C =  12.84 
P H I =  34.0 DEG 

X/D= 4.50 

R= 7.97 
DELTA= 105 DEG 
U I h F =  3 R . O  M I S  

Z/D= 13.78 
P H I =  26.0 DEG 

x / c =  e.oo 

~~ ~~~~~ 

ZR/D 

-1 .5  -1.0 -0.5 0.0 0.5 1.0 1.5 

0.01 -0.01 0.01 -0.01 -0.02 -0.01 0.0  
1.03 1-14  1.27 1.18 1.05 0.99 0.93 

"0.29 -0.31 -0.31 -0.19 -0.08 -0.02 0.38 
0.05 0.01 -0.07 -0.04 -0.13 -0.16 -0.25 

-0.24 -0.02 0.31 0.20 0.05 0 .0  0.01 
3.4 3.3 3.9 3.5 8.1 9.9 15.2 

0.02 
1.21 

0.09 

-0.06 
-0.54 - 

4.3 

0.02 
1.26 

.o. 4 3  
0.01 

0.15 
2.0 

I .28 

-0.06 
0.0 

-0.33 
0.32 

3.8 

1 - 2 7  

-0.05 
0.01 

-0.30 
0-32 
3.3 

I . I  I 

-0.09 
0 .o 

-0 .14  
0.10 

5.7 

0 . 0  
0.98 

-0.10 
-0.04 
-0.05 

9.6 

-0.02 
0.94 

-0 -24 

0 .O 
0.06 

14.8 

0.02 -0.02 -0.02 -0.02 0.0 -0.03 0.0  
1 - 1 6  1 - 1 9  1.23 1 - I R  1 - 1 3  0.97 0.94 

-0.38 -0.34 -0.27 -0.21 -0.17 0.01 0.06 
0.04 -0.02 -0.08 -0.06 -0 .12  - 0 . 2 0  -0.23 

-0.03 0.10 0.25 0.19 0.13 -0.01 0 . 0  

-0.03 0 . 0 2  -0.02 0.0 0.02 -0.02 0.01 
1.03 1.17 1.20 1.22 1 - 1 0  0.97 0.95 

-0.32 -0.32 -0.25 -0.22 -0.14 0 . 0  0.05 
0.13 0.02 -0.04 -0.06 -0.13 -0.18 -0.23 

-0.24 0.06 0.20 0.28 0.10 -0.03 0.02  
8.5 1.9 4.1 4.0 7.1 10.9 13.8 

-0.03 -0.07 -0.02 -0.05 -0.02 -0.04 -0.02 
0.96  1.06  1.28  1.23 1 - 1 2  0.94 0.83 

-0.04 -0.17 -0.21 -0.19 -0.20 -0 .27 -0.38 

-0.7R - 0 . 4 R  0.16  0.15 -0.01 -0 .10  -0.03 
-0.71  -0.63  -0.54 -0.41 -0.30 -0.06 0.14 

4.4 10.9 9.8 9.9 10.7 16.8 25.0 

- 0 . O C  -0.Cb 0.0  -0.02 -0.04 -0.01 -0.01 
0.89 1.04 1.12 1.22 1 - 1 7  0.99 0.95 

-0.67 -0.55 -0.50 -0.42 -0.30 -0.11 -0.01 
0.16 0.04  -3.04 -0.06 - 0 . 1 2  -0.17 -0.23 

-0.84 -0.46 -0.24 0.07 0.10 -0.10 -0 .05  
10.9 5.9 3.3 4.4 7.1 10.3 14.1 

-0.03 -0.07 0.0 -0.05 -0.04 - 0 . 0 5  -0.03 
0.81 0.92 0.93 0.94 1 - 1 0  1.05 1 - 0 8  

-0.55 -0.46 -0.40 -0.29 -0.29 -0.20 -0.16 
0.35 0.18 0.0 -0.06 -0.05 -0.10 -0.17 

-3.76 -0.58 -3.53 -0.39 -0.06 -0.08 0.04 
24.5 12.9 2.6 6.8 5-2  7.8 10.0 

JB/UI NF 
/B/UINF 
#B/U I NF 

CP 

THETA 
CPT 

JB/UIN' 
tB/UINF 
I R / U  I NF 

CP 

THETA 
CPT 

JR/UINF 
YR/UINF 
WB/U I NF 

r D  _. 
CPT 

THETA 

UB/UINF 
VE/UI NF 
UB/U I NF 

rD 

THETA 
2 P T  

UE/UINF 
VR/UINF 
WE/UINF 

CP 

THETA 
CPT 

UB/UINF 
V9/U I NF 
WE/UINF 

CP 

THF T4 
CPT 

UB/UINF 
VR/UI NF 
UB/UINF 

CP 

THETA 
CPT 

Z R / D  

- 1 . 5  -1.0 -0.5 0.0  0.5 1.0 1.5 

-0.03 -0.01 -0.03 -0.01 0.0 -0.02 -0.01 
1 .01  1 .11  1-08 1.02 1.00 0.96 5.93 

0 . 0  -0 .10  -0.15 -0.17  -0.23 "0.24 -0.29 

- 0 . 2 R  -0.07 - 0 . 0 2  -0.06 0.01 0 . 0  0.01 
-3.31 -3.31 -0.22 -0.14 -0.05 0.31 0.06 

4.1 5.8 6.7 9.9 13.1 14.3 17.4 

-0. os 
0.89 

-0.43 
0 -36  

-0.50 
23.0 

-0 .01 

-0.38 
0.15 

-0.60 
10.5 

0. a7 
-0.02 
0.86 

-0.25 
0.09 

-0.50 
7.2 

-0.03 
0.99 

-0.02 
-0.27 
-0.29 

5.0 

1.03 
- 0 . 0 2  
-0.05 
-0.20 
-0 .14  

4.9 

-0.01 
1 - 0 9  

-0. IO 
-0.21 
-0 .01  

6.1 

-0.02 
1.0 1 

-0. I5 

-0.06 
-0. I I 

9.3 

-0.03 0.01 -0.02 -0.02 -0.0.3 0 . 0  0.0 
0.84  0.94 0.99 0.97 1.05 1.00 0.99 

-0.34 -0.31 -0.25 -0 .20  -0.14 -0 .05  -0.03 
0.13 0.06 -0.04 -0.08 -0.14 -0.14 -3.21 

-0.61 -0.41 -0.28 -0.24 -0.03 -0.02 0.0 
10.3 4.1 4.4 6.5 8.7 8.6 12.1 

TEST 
CflNDIT13NS 

?= 8.02 
DELTA= 105 DEG 
UINF= 34.2 M / S  
X/D= 8.00 
Z/D=  15.66 
P H I =  2 6 . 0  DEG 

Q =  7.97 I 

X/D= I O . 9 R  
Z/D= 15.78 

bi H 
X 

m 

d .  Hot j e t ,  TJITINF = 1 . 1 5  
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Figure B1.- Symmetry p l a n e   v e l o c i t i e s   i n  jet c e n t e r l i n e   v i c i n i t y .  
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Figure B1.- Continued. 
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Figure B1.- Continued. 
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Figure B1.- Concluded. 
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TABLE B2.- TABULATE33 VALUES OF SYMMETRY PLANE VELOCITIES 

AND PRESSURES I N  VORTEX-CURVE VICINITY 

~~ ~ 

ZR /D  

-1.5 - 1 . 0  - 0 . 5  0.0 0.5  1.0 1.5 

~~ ~ 

0.8d 0.93 0.94 1.01 1 - 1 0  1.26 1.40 
0.04 0.06 0.07 0 .07  -0 .01  -0.03 -0.05 

-0 .13  -0.01 0.16 3.39 0 .65  0.59 0.27 
0.0 0.03 0.02 -0.15 -0.34 -0.51 -0 .39  

-0 .26  - 0 - 0 9  -0 .07  0.03 0-30 0.43 0.66 
9.9 0.9 10 .0  21 .3  30.7 25 .3  11.9 

JB/UINF 
IB/UINF 
IB /UI  NF 

CP 

THETA 
CPT 

0 -82 
0.04 

- 3 . I f .  
0.03 

-3.27 
11.3 

0. R 5  
0.02 
0.39 
0 .01  

"0.63 
3.8 

0.81 
0.02 

- 0 . 0 0  
-3.23 

30.2 

0.47 
0.09 
0.77 

- 0 . 5 5  
0.75 

-J.04 
51.2 

-0 .04  
0.90 

-1 .02  
0.9q 

-0 - 2 4  
47.5 

-0 .04  
0.98 

- 0 . 5 9  
0 .43  

-0.43 
20.4 

2 .31  
0.0 

. I  - 3 9  
0 .39  

3.20 
10.0 

R =  4.05 
DELTA= 45 O E G  
UINF= 4 2 . 1  W/S 
x/o= 7 .00  

P H I =  11.3 DEG 
z / c =  2.00 

0.85 0.G7 0.96 0.99 1 - 1 3  1.22 1 - 4 5  
0 .02  0.04 0.03 0.05 0.02 - 0 . 0 2  -0.04 

-0.13 -0 .01 0.16 0.39 0.60 0 .60  0.25 
0.0 -0.02 -0 .03  -0.12 -0.39 -0 .45  -0.51 

- 0 . 2 6  -0.38 -0.08 0.03 0 .27  0.40 0.67 
9.1 0.8 9.6 21.4 28 .1  26.4 10.7 

JR/UINc 
/R/U INF 
dB/UINF 

CP 

THETA 
CPT 

0.91 
3.01 

0 . 0  
0.07 

-0 .16  
4.9 

0.94 

0.29 
0.02 

-0.12 
-0.09 

17.3 

0.95 
0.0 

-0.26 
0 -55 

-0.04 
30.3 

-0.0 I 
1.02 

-0.49 
0.77 

0.13 
37.1 

-0.05 
1.09 

-0.57 
0.24 
35.5 

0.77 
-0.02 

1.14 

-0.42 - 0.45 

0 . 1 1  
21.9 

9.0 
1.63 

0.22 
.0 .59 
1.15 

8.2 

R =  4.05 
DELTA= 45 O E G  
UINF= 42.3 W/S 

z /o=  2.00 
x /o= 7.00 

P H I =  11 .0  D E G  

0.96 0.98 1 .01  1.09 1 - 1 3  1 - 2 9  1 - 4 1  
0 .03  0.32 0.06 0.02 0.0 -0.02 -0.02 

-0.03 0.09 0.24 0.35 0.47 0.43 0.24 
0.0 0.0 -0 .06  -0 .21  -0 .24  -0.36 -0.32 

-0 .07 -0.02 0 .02  0.12 0.27 0.50 0.75 
2.3 5.4 13.4 17.9 22.9 19 .1  12.3 

JB/UINF 
VR/UINF 
IIB/UINF 

CP 

THETA 
CPT 

0 .99  
0 -04 

-0.08 
0.04 

-0.06 
2.3 

-0.31 
0.95 

-0.04 
0.15 

-0. I 1  
9.7 

0.02 
1 .OO 

.O.LO 
0.32 

0.0 
17.6 

1.03 
0.03 
0.44 

0.03 
23.3 

.0 .23 - 
R =  4 .07  
DELTA= 45 OEG 
UINF= 41.9 M / S  

z/o= 2.63 
P H I =  4.0 O E G  

X / D =  s . e ~  

R= 4.06 
DELTA=  45 OEG 
I r I h F =  42.1 M / S  
x/c= 20.00 

P H I =  5 .0  DEG 
Z/D= 3 . R O  

1 . 0 3  1.08 1.11 1.16 1 - 1 3  1.24 1.27 
0 . 0 2  3 - 0 4  0.02 0.03 -0 .01  -0.03 -0.04 

-0.06 - 0 . 0 8  -0.11 -0.15 -0 .14  -0.18 -0.1€ 
0.05 0.12 0.20 0.25 0.30 0.27 0.21 

0.0 0.10 0.16 0.26 0.23 0.43 0.5C 
3.r) 6.4 10.4 12.2 15.5 13.2 1I.C 

UE/UINF 
VB/UINF 
WB/UI NF 

C P  

THETA 
CPT 

0.98 0.99 1.04 1.08 1. I 9  I. 19 1.22 
0.04 0.05 0 .05  -0 .03 -0.01 0.0  -0 .04  

-0 .07  -0.09 -0.22 -3.31 -0 .37 -0.29 -0 .21 
0.15 0.31 0.45 0.54 0.54 0.06 0.22 

-0 .09  -0.01 0.06 0.15 0.35 0.34 0.34 
8.7 17.2 23.3 26.7 24.7 21.3 11.4 

?= 4.05 
DELTA= 6 0  DE 
UlNF= 42.3 M/ 
x/o= 1O.OJ 
z/o= 3 .88  
D H I =  10.0 DE 

UR/U I NF 
VB/U I NF 
UE/UINF 

CP 

THETA 
CPT 

0 .02  0.04 0.0  0.01 0.03 -0.01 -0.01 
1.04 1.00 1 -06  1.10 1.12 1 - 1 5  1 - 2 3  

-0.08 -0.04 -0.10 -0.16 -0.15 -0 .20  -0 .24 
0.07 0.13 0.22 0.30 0.32 0.32 0.29 

0 . 0 3  -0.01 0.08 0.14 0.22 0.22 0.37 
4.7 7.7 12.2 15.4 15.8 16.1 13.9 

q= 4.06 
DELTA= 60 DE 
UINF= 42.1 M/ 

z/o= 4.75 
X/D= 19.84 

P H I =  7.0 DE 

R =  4.03 
DELTA= 75 DE 
UINF= 41.9 I41 
x/o= 2.00 
z/o= 2.11 
PHI -  28.0  DE 

R= 4.05 
DELTA= 45 DEG 
UINF= 42.1  H / S  
x/o= 20 .00  
z/c= 4.30 
P H I =  5 . 0  D E G  

UB/UINF 
VB/UINF 
WB/UINF 

CP 

THETA 
CPT 

0.69 0.55 0.65 0.50 0.95 2.75 0.79 

-0.03 0.62 1 - 1 6  1.22 0.49 0.90 -0.IE 
0 . 0  -0.02 - 0 . 0 3  0.09 0.0  0.01 0.03  

-0.38 -0.52 -1.60 -1.83 -1.72 -1.45 0.15 
-0.90 -0.82 -0 .82 -1.06 -1.57 6 .19  -0.20 

3.5 48.7 60.7 67.5 26.6 18.2 10.5 

-0.10 -0.10 0 .0  0.01 0.01 0.01 0 . 0 ;  
0.88 0.98 0.90 2.41  1-64  0.83 0.8( 

0.23  0 .94 1.05 0.31 0.31 -0 .29   -0 .4 (  

-0 .36  -0.28 -0 .42  2 .91   1 -17   0 .05  O.O! 
- J . I 9  -1 .13  -1 .34 -2.12 -0.65 0.28 0.2d 

16.9  44.2  49.4  7.6 10.8 19.3 26.1 

R= 4 . 0 8  
DELTA= 6 0  OEG 

, UIhF= 42.3 M / S  
X/D= 2 .00 
z /c=  2.20 
P H I =  30 .0  OEG 

UB/UINF 
VB/UINF 
WB/UI NF 

CP 

THETA 
CPT - 

I?= 4.07 
DELTA= 7 5  DE 
U I N F I  42.2 M /  
x/o= 3.00 
Z/D= 2.19 
P H I =  22.9 DE 

3.64 0.73 0.65 0.70 0.71 0.72 2.21 

-0.12 0.14 0.64 1 - 0 2  0.96 0.51 0.3C 
0.07 0.01 0.03 0.06 0.10 -0.02 0.0 

-0 .21  -0.37 -0.53 -1.14 -1.58 -1.02 -2 .02  
- 0 . 7 8  -0.82 -0 .69 "0.59 -1.14 -1.24 2.11 

11.1 11 .1  44.5 55.4 53.5 35.5 9.6 

-0 .06 - 0 . O R  0 .0 0.02 0.01 0.0  0 . 0 .  
0.90   0 .93   0 .93  2.43  1 .57 0.81 0.8; 

0.22  0.96 1.01 0.30  0.31  -0.29  -0.3' 

-0 .37   -0 .23   -0 .51  3.07  0.86  0.04 O - O (  
-0 .23 -1.05 -1 .41   -2 .08   -0 .73  0 .29  0.2: 

14.9  46.3  47.2  7.4 11.2 19.8 25.! 



TABLE ~ 2 . -  Continued 

ZB/D ZB/D 

-1 .5 -1.0  -0.5 0.0 0 .5  1.0 1.5 - 1 . 5  -1.0 -0.5 0 . 0  0.5 1.0 1 . 5 ,  CONDITIONS 

-c 
COhD I T  ICNS 

TEST 

0.90 
0.04 

-0 .22 
0.01 

-0.40 
0 . R  

0.90 
0.03 

-0.27 
0.15 

-0.44 
9.6 

-0.01 
0.93 

-0.28 
0.32 

-0.31 
19.2 

-0.01 
0.95 

-0.33 
0.43 

-0.24 
24.8 

0 . 0  
0.98 

-0 .41 
0 -47  

-0.23 
25.8 

0.02 
1.02 

-0.47 
0 .46  

-0.21 
24.1 

-0 .02  
1.07 

-0 .50  
0.25 

-0 -29  
13.9 

JB/UINF 
48/UINF 
dB/U I NF 

CP 
CPT 

THETA 

JB/UINF 
YB/UINF 
UB/UINF 

CP 
CPT 

THETA 

JB/UINF 
VB/U I NF 
UB/UINF 

CP 
CPT 

THETA 

JB/UI NF 
V W U I  NF 
UB/UINF 

CP 
CPT 

THETA 

U8/UINC 
VB/UIYF 
UB/UI NF 

CP 
CPT 

THETA 

UB/UINF 
VB/UINF 
UB/UINF 

CP 
C  PT 

THETA 

UB/UINF 
VB/UINF 
UB/UINF 

CP 

THETA 
C PT 

0.95  0.95 0.91 0.89 0.89 0 .89  0.99 

-0.04 -0.03 0.0 0.0 0.02 0.02 -0.01 
0.01 0.02 0.0 0 .0  0.01 0.0 - 0 . 0 1  

R =  4.03 
DELTA= 90 DEG 
UINF= 42.2 M / S ,  
X /D= 19.78 
Z/D= 4.75 
P H I =  7.5 DEG 

R =  4.07 
DELTA= 75  DEG 
UINFZ 42.5 M / S  

Z/D= 3 - 3 9  
x/o= 7. C 6  

PHI= 14.0 DEG 

-0 .16 -0.19 -0.14 -0.13 -0.14 -0.15 -0.14 
-0.24 -0.28 -0.31 -0 .33 -0.34 -0.3s -0.37 

4.0 2.9 3.3 3 .3  3.5 3.5 4 . 1  

." "" ." ." "" ~~~. 

0.90 0 .92  0.87 0.88 0.94 1.02 1.01 
0.01 0.02 0.0 -0.01 -0.01 0 .0  0.0 

-0 .15 -0.20 -0.10 -0.10 -0.09 -0.13 -0 .08  
0.03 0.04 0.0 -0.04 -0 .02 -0.05 -0 .10  

-0 .33  -0.35 -0.35 -0.32 -0.20 -0.08 -0 .05  
3.6 3 . 3  3.7 5.0 4.4 4.7 6 . 7  

R= 4.08 
DELTA= 75 DEG 
UINF= 42.0 M / S  

0.R9 
0.03 
0.11 

-0.19 
-0.38 

7 . 2  

0.06 
0.95 

-0.22 
0.23 

-0 .25  
13.5 

0.03 
0.96 

-0.29 
0.31 

-0.26 
17.9 

0.04 
1.01 

-0.34 
0.40 

-0.15 
21.4 

0 .03  
0.98 

-0 .28  
0.42 

-0.14 
23.4 

0 .0  
1.00 

-0.31 
0.35 

-0.18 
19.5 

0 .0  
I .02 

-0.26 
0.29 

-0.12 
15.9 

4= 4.OR 
DELTA= 90 DEG 
UINF= 42.3 M / S  
X/D= 19.88 
Z/D= 7.00 
P H I =  7.5 DEG 

x/D= 10.00 
z/o= 4.00 
PHI= e.9 DEG 

R= 4.03 
DELTA= 7 5  DEG 
UINF= 4 2 . 3  H/S 

0.97 

0.07 
0.02 

1-01 1.02 1-01 1.04 1.05 1.07 
0 . 0  0 . 0 1  0.0 - 0 . 0 1  -0.02 -0.01 
0.09 0.14 0.17 0.19 0.13 0.10 

-0.10 -0.14 -0.18 -0.15 -0.16 -0.16 -0.19 
-0.15 -0.12 -0.11 -0.11 -0.04 -0.04 -0.02 

4.5 6.4 8.6 10.2 11.0 8 .3  6 .5  

0 -64 
0 - 0 3  

-1.05 
0 - 3 5  

- 1  -51 
2 8 . 3  

-0.09 
0.29 

-1.07 
0.62 

-1.59 
66.0 

-0.06 
0.31 

0.68 

- 1.74 
-1.31 

65.9 

-0.1 I 
0.12 

- 1  16 
0.65 

-1 .71 
80.5 

0.05 
0.09 

- 1-25 
0.35 

-2.12 
82.1 

-0.23 
0 .05  

-0 .06  
-1 07  
-2.01 

80 .  I 

0.38 
-0.01 
-0 .04  
- I  .28 
-2.14 

7 . 4  

R= 4.05 
DELTAS 105 DEG 
UINF= 42.3 M I S  

Z/D= 2.50 
X/D= 2.00 

P H I =  19.0 DEG 

X / D =  2 0 . 0 0  
Z/D= 5.45 
PHI=  8.0 DEG 

R= 4 . 0 0  
DELTA= 90 DEG 
UINF= 42.1 M / S  

Z /D=  3.01 
X/D= 4 . 0 0  

PHI=  I R . 1  DEG 

-0.02 
0.74 

-0.49 
0.12 

-0.92 
9.9 

0 .73  
0.01 

-0.57 
0.33 

-0.93 
24.3 

0 -65 
0.01 

-0.65 
3.59 

-0.87 
42.1 

0.54 
0 .03  
0.67 

-0.73 
-1.00 

51. I 

-0 .05  
0.45 

0 .53  

-1.28 
-0.77 

5 0 .  I 

-0 .02 
0.47 

-0.71 
0.30 

- 1  - 4 0  
33.0 

0 .o 
1 . 1 1  

-0.82 
0.06 

-0.59 
4 .0  

0.52  
0 .os 

-0 .45 
0.2s 

- 1 . 1 1  
26.1 

-0 .02  
0.57 

-0.65 
0.35 

-1 .20  
32.1 

-0.01 
0.41 

-0.51 
0.60 

-0.98 
55.3 

0.26 
0.17 

-0.45 
0.61 

-0-98 
07 .2  

-0.05 
0.23 

-0.66 
0.45 

-1.40 
63.2 

0 . 1 0  
0 .11  

-0.67 
0 -27 

-1 - 5 7  
7 1  - 0  

0 . 0 9  
0.01 

-0.64 
0 .12  

-1 .61 
52. R 

R =  0 . 0 4  
DELTA=. io5 DEG 
UINF= 42.4 M/S 
x/n= 4.00 
Z/D= 3.13 
PHI=  14.0 DEG 

". - ". 

1 

DELTA= 5 3  DEG 
UINF= 42.3  M / S  

I?= 4.03 0.82 0. f l2  0.82 0.76  0.79  0.78  0.90 
0 . 0 5  
0.79 

-0 .23  
0.06 

-0 .59  
4 .5  

0.82 
0.03 
0.13 

-0.62 
-0.31 

9 .0  

0.77 
0.07 

-0.36 
0.20 

-0.72 
15.0 

-0.01 
0.66 

-0.31 
0.25 

-0.80 
21.1 

-0 .01  
0.63 

-0.39 
0 .23  

-3.93 
20.4 

-0.03 
0.56 

-0.37 
0 .18  

-1.03 
lR.5 

- 0 . 0 2  
0 . 5 2  

0.1 1 

-1 .06 
-0.34 

12.6 

l7= 4 .08  
DELTA= 105 DEG 
UINF= 42.4 M / S  
X/D= 9.00 
Z / D =  3.97 
PHI=  12.0 DEG 

0.02 0.01 0.04 0 . 0  -0 .01 -0 .02  -0.01 
0.10 0.17 0.17 0.24 0.22 0.11 0.04 

-0.23 -0.26 -0.29 -0.27 -0.30 - 0 . 2 8  -0.27 X/D= 1 
Z / D =  
FH I =  

1.00 
1.45 
1 . 1  DEG 

-0.54 -0.56 - 0 . 5 8  -0 .63 -0.62 "0.67 -0.46 
7.2 12.0 11.6 17.3 15.9 fl .8 4.4 

R= 4.0b 

UINF- 42.1 H / S  

Z / D =  4.45 
X / D =  10.00 

P H I =  1 1 . 1  DEG 

DELTA= s o  ~ E G  
0 . 8 5  0.86 0.81 O . R 1  0 .77 0.77 0.90 
0 . 0 1  0.05  0 .0  0.0 0 . 0  -0.02 -0.01 
O . O b  0 .13  0.15 0.20  0 .18  0.17 0 . 0 2  

-0.52 -0.56 - 0 . 6 0  -0.61 -0.67 -0.65 "0.48 
-0.26 -0.32 -0.29 -0.32 -0.29 -0.28 -0.29 

4.5 8.5 11.0 13.9 13.7 13.2 3.7 

0.89 
0.04 

-0.20 
0 . 0 7  

-9 .42 
4.4 

0 . R 5  
0.31 

-0.22 
0.12 

-3 .48  
8 . 0  

-0.04 
0.81 

-0.20 
0.17 

-0.51 
13.1 

0.76 
3.01 

-0.27 
0.18 

-0.67 
13.8 

- 0 . 0 2  
0.67 

-0 .22 
0.14 

-0.75 
13.1 

-0 .32  
0.61 

-0 .20 
0.14 

-0.31 
13.2 

-0.03 
0 . 6 0  

- 0 . 2 2  
0.06 

-9.45 
9.3 

Q -  4.34  
DELT4= 105 DEG 
UINF- 02.4 W S  

Z / D =  4.55 
F H I =  10.0 DEG 

X / 3 =  10.75 

G= 4.07 
DELTA= 9 0  DEG 
UINF=; 42.1 M / 5  
X/D= 10.00 
z /o= 4.45 
PHI=  11.1 DEG 

0 . 8 3  O . R R  J . 8 0  0 .75 0.82 0.82 0 . 8 9  
0 .02  0.02 0 . 0 1  0 . 0  - 0 . 0 1  -0.01 0 . 0  
0.02 0.10 0.21 0.23 0.18 0.09 0.04 

-5.53 - 0 . 5 3  -0 .63 -0.64 -0.67 -0.63 -0.48 
-0.32 -0.32 -0.32 -0.26 -0.37 -0.31 -0.28 

1.5 6 .8  14.6 17.0 12.7 6 .9  3 - 7  

0 .85  
0.33 

- 0 .  L A  
0.08 

- 3 . 4 6  
5 . 7  

0.79 
0.03 

-0 .19  
0. 13 

-0 .54  
9. I 

-0.32 
0 . R 3  

-0.24 
0.15 

-9.53 
1 1 . 2  

-3.04 
0.78 

- 0 . 2 R  
0.16 

-0 .  h5 
12.9 

-0 .05  
0.69 

-0 -24 
0.16 

-0.73 
1'5.0 

0 .63  
0 . 0 1  

-0.24 
0.08 

-0.84 
7.4 

- 0 . 0 3  
0 .  h 2  

-0 .22  
0 . 0 6  

-0.53 
7 .9  

R =  4.05 
DELTA- 105 DEG 
UINF= 42.5 M/S  
X / 3 =  10.75 
7/D= 4.55 
D U I =  10 .0  DEG 

a. Cold jet, TJ/TINF = 0.90 
b. Hot jet, TJ/TINF 1.22 

h) 
W 



W 
0 

TABLE B2.- Continued 

I T Z E T  
CChD I T   I 3 N S  

R =  4.06 
OELTA= I05 DEG 
UINF= 4 2 . 5  M I S  

z / c =  5.57 
X / O =  20.34 

PHI-  7.0 DEG 

R= e.01 
DELTA= 45 DEG 
U I N F =  35.0 M I S  
x /o= 7.00 
L/o= 3 . € l  
P H I =  25.0 DEG 

R =  e . 0 1  
DELTA- 45 DCG 
UINF= 37.6 M / S  
x / o =  10.00 
z /o=  4.73 
P H I =  2 1 . 0  D E G  

I 9= 7.59 
DELTA= 45 DEG 
UINF= 3 P . O  M / 5  
X / O =  19-99 
z /o=  7.37 
P H I =  15.1 DEG 

I DELTA= 6 0  VEG 
R= e.oo 

I.IINF= z e . 3  H/S 
x / o =  2 . 0 0  

P H I =  41.0 DEG 
z / o =  1.47 

R =  R . 0 1  
DELTA= 60 DEG 
UINF; 38.2 M / S  

z / o =  1.47 
x /o=  2-00 

P H I =  41.0 DEG 

R =  7.44 
DELTA= 60 DEG 
UINF= 37.9 H / 9  
x/o= 4.00 
Z/O= 3.46 
P H I =  37.0 DEG 

~ 

ZB/D 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

-0.01 -0.01 0.0 0.0 -0.01 -0.01 -0.02 
0.92 0.86 0.87 0.85 0.81 0.80 0.79 

0.54  0.05  0.05 0.05 0.03 0 .0  -0.04 

- 0 . 2 5  -0.34  -0.35  -0.42  -0.49  -0.49  -0.48 
- 0 . 1 0  -0.09 -0 .11  -0.14  -0.14  -0.13  -0.11 

4.7  3.4 5.0 4.7  5.0  4.1  5.6 

0.95 0.99 1.04 1.20 1.46 1.94 3.52 

- 3 . 2 0  "0.08 0.11  0.45 0-69 0.49 0.31 
0.01  0.0 0.04 0.06 0.01 -0.02 -0.03 

0.02 0.02 -0.02 -0.34 -0.88 -1.50 -3.14 
-0.04 0.01 0.07 0.31 0.74 1.57 8.R7 
11.9 5.4 6.3 20.3 25.3 14.5 5.9 

0.01 0.01 0.0 0.0 0.01 0.02 -J.01 
1.00 1-02 1.10 1.19 1 - 4 0  1-63 2.35 

-0.10 0.01 0.18 0.38 0.51 0.45 0.29 
0.01 0.01 -0.12 "0.29 -0.57 -0.83 -1.54 
0.01 0.06 J.13 0.27 0.66 1-04 3.17 
6.0  2.4  9.8 18.1 20.0 15.6  7.7 

"0.01 0.0 3.01 0.0 0.0 -0 .01  -0.01 
0.0s 0.15 0.23 0.30 0.33 0.30 0.22 

-0.07 -0.12 -0.13 -0.20 -0.27 -0.33 -0.47 
0.06 0.05 0.12 0.15 0.21 0.34 0.50 
5.0 8.4 12.3 15.1 16.1 14.1 9.9 

0.80 0.95 1-09 1.16 5.63 4.77 0.67 

-0.52 -0.26 0.30 1.21 1.64 1-66 -0.47 
0.01 -0 .01  0.12 0.06 -0.40 "0.23 0.01 

-0.06 -0.11 -0.47 -1.84 4.89 3.29 0.29 
-0.14 -0.13 -0.17 -0.02 42.21 29.94 -0.04 
33.3 15.5 15.9 40.2 17.3 19.6 35.3 

0.82 0.94 1.06 1.22 5-57 4.68 0.68 
0.02 0.01 0.06 "0.05 -0.31 -0.14 -0.01 

-0.53 -0.27 0.33 1-26 1.68 1.77 -0.46 
-0.08 -0.11 -0.43 -1.71 4.79 3.95 0.27 
-0.13 -0.15 -0.20 0.40 41.36 29.99 -0 .05  
32.8 15.9 17.2 46.0 17.5 20.9 34.1 

2 - 9 1  0.96  0.95  0.93  1.17  2.48 5-06 

-0.20 0.05 0.46 0.97 1.10 0.44 1.01 
0.02 -0.04 -0.27 -0.86 -1.77 -3.76 -4.10 

-0 .11  -0.11 -0.15 -0.04 -0.16 1.73 24.00 
12.6 3.0 2S.9 46.1 43.4 10.4 11.8 

0 . 0 2  0.03 O.Oa 0 . 0 3  -0.07 -0.04 -0.11 

JR/UINF 
VB/U I NF 
YB/UINF 

r o  

THETA 
EPT 

UB/UINF 
VB/U I NF 
YB/UINF 

T D  

THETA 
CPT 

UR/UINF 
VB/UINF 
WB/UINF 

T D  

THETA 
E P T  

UB/UINF 
VB/UI NF 
YB/UI NF 

CP 

THETA 
CPT 

UR/UlNF 
VB/UINF 
YB/U I NF 

CP 

THETA 
CPT 

UB/UINF 
VB/UI NF 
WB/UINF 

CP 

THETA 
CPT 

UB/UINF 
VB/UINF 
YB/U I NF 

CP 

THETA 
CPT 

ZB/O 
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

0.01 -0.01 -0.03 -0.01 
0.97 0.95 1.04 1 - 1 0  

0.02 0.23 0.4R 0.70 
0.0 -0.04 -0.41 -0.86 - 

-0.06 -0.09 - 0 . O R  -0.15 
2.0 13.6 24.8 32.7 

1.35 1.38 2.04 
0.01 -0.02 -0.02 

-1.27 -1.13 -1.66 
0.78 0.68 0.37 

0.22 0.24 1-69 
29.5 26.5 10.7 

-0.01 -0.02  -0.02 0.02 -0.0s 
0.99  1.03 1-09 1.03 1-23 

0.13 0.29 0.48  0.66 0.69 

-0.07 -0.05 0.0 -0.07 0.23 
8.0 16.2  24.3  32.5  29.5 

-0.07  -0.21  -0.41  -0.58 - 0 . 7 ~  

-0.02 
0.97 

-0.01 
0.12 

-0.06 
8.4 

1.bl 1.49 
0.01 -0.34 

-0.97 -0.84 
0.54 0.44 

20.9 17.1 
0.32 0.S6 

1.02 1.04 1-06 1.27 1.34 1.49 
0.03 -0.11 "0.01 -0.09 -0.04 -0.03 

-0.13 -0.35 -0.62 -0.94 -0 .05  -0.S5 
0-31 0.47 0.61 0.56  0.61 0.44 

0.0 -0.04 -0.11 0.12 0.34 0.55 
16.7 25.0 30.2 2R.O 24.8 16.9 

-0.02 -0.09 -0.04 -0.08 
1.04 1.10 1.16 1.20 

0.26 0.36 0.39 0.45 
-0.15 -0.23 -0.40 -0.41 

0 . 0  0.11 0.11 0.24 
14.8 19.5 19.4 21.6 

0.33 0.80 0.91 
0.0 "0 .02  -0.01 

-0.56 -1.10 -2.71 
0.26 0.93.  1.51 

-0.81 -0 .58 -0.59 
17.8 49.4 58.9 

-0.07 
1.04 

-2.89 
1.24 

-1.23 
50.1 

-0.09 -0 .05 
1.16 1.28 

-0.29 -0.36 
0.46 0.37 

22.9 17.0 
0.27  0.42 

-0 .02  
1.23 

-0.33 
0.29 

0.29 
14.0 

-0.03 -0.08 0.08 
4.71 3.98 0.61 

-5.15 -1.33 -0.19 
0.79 1.28 -0.48 

18.49 15.28 -0.59 
9.7 18.5 3R.5 

5.82 0.89 0.89 0.99 1.04 1.22 3.02 
0.01 0.03 0.04 0.01 0.02 -0.09 0.0 

-0.17 -0.47 -0 .87  -1.76 -1.91 -1.97 -4.29 
O.OR 0.41 0.84 1-17 1.21 0.76 0.36 

-0.44 -0.50 -0.36 -0.40 -0.32 -0.90 4.22 
6.0 24.6 43.5 49.9 49.3 32.3 7.0 

- 0 . 0 2  -0.01 0.04 0.03 -0.02 -0.07 
0.81 0.82 0.87 0.86 1.02 1.04 

-0.19 -0.31 - 0 . 9 0  -1.67 -2.05 -1.75 
0.09 0.42 0.80 1.20 1.25 0.97 

-0.51 -0.46 -0.49 -0.48 -0.42 -0.72 
6.9 27.3 42.4 54.3 50.9 43.2 

2.63 
0.02 

-3.76 
0.46 

2-56 
10.0 

CONDITIONS 
TEST 

IELTA= 50 DEG 
= 8.00 

l INF= 37.9 M I S  
(/D= 7.00 
: /o= 5.17 
' H I =  29.0 DEG 

,-  , -  8.00 
bELT4= 60 OEG 
I I N F =  39.2 M I S  
w n =  9.93  
!/D= 6.50 
' H I -  2 0 . 0  DEG 

t =  7.98 
)C-LTA= 60 DEG 
JINF= 39.1 M / S  
(/D= 10.00 
!/D= 6.50 
'H I=  24.0 OEG 

!ELTA= 50 DEG 
JINF= 3P.I M/S 
( I D =  19-98 
!/D= 9.66 
' H I =  15.0 DEG 

,- 
> E L T I =  75 DEG 
L -  9.04 

.JINF= 38.0 H / S  
U/D= 2.00 
z /D=  3.88 
'HI= 51.0 OEG 

'= 7.99 
DELTA= 75 DEG 
UINF= 38.6 H I S  
X/D= 4.00 
Z/D=  4.94 
P H I =  42.8 DEG 

R =  R.02 
DELTA= 75 OEG 
UIYF=  38.6 M I S  
X/D= 4.00 
Z/D= 4.94 
P H I =  39.1 DEC 



TABLE B2. - Continued 

COhDITIChS 
TEST 

CONDITIDNS 
T r S T  

ZB/D 

-1.5 -1.0 - 0 . 5  0 .0  0 . 5  1.0 1.5 

ZE/D 

-1.5 -1.0 -0.5  0.0 0.5 1.0 1.5 

UR/UIN' 
VE/UI NF 
We/U I NF 

CP 

THETA 
CPT 

UB/UINF 
VB/UINF 
YR/U 1 NF 

CP 
CPT 

THETA 

UB/UINF 
VE/U I NF 
WB/UI  NF 

CP 

THETA 
CPT 

E)= 8 . 0 0  
DELTA= 90 DEG 
UINF- 21.0 M I S  
X / D =  9.50 

PHI= 22.4 DEG 
Z/D= 9-70 

R =  9.07 
DELTA= 90 DEG 
UINF= 21.1 M / S  
X/D= 9.50 
Z/D=  9.70 

d 

DHI= 22.4 DEG 

9= 8.02  
DELTA= 90 DEG 
UINF= 31.5 M / S  
X / D =  9.50 

PHI= 22.4 DEG 
Z/D= 9.70 

5- 7.99 
DELTA= 8 0  DEG 
UINF= 38.0 M / S  
X/D= 9.50 
Z / D =  9.72 
PHI= 22.4 DEG 

R= 7.59 
DELTA= 75 OEG 
UIhF= 21.4 H/S 
x/o= 10.00 
Z/D= 8.23 
P H I =  14 .1  DEG 

J a y 6  
0.39 
0.41 

-3.16 
-0.25 

23.0 

0.96 0.93 0.98 0.97 0.93 
0.11 0.01 0.12 -0.01 -0.01 

- 0 . 3 A  - 0 . 5 0  -0.85 -0.70 -0.68 
0.55  0.73 0.81 0.88 0.83 

-0.14 -0.11 -0.21 0.04 -0.12 
29.5 38.3 39.6 42.3 41.9 

0.02 
1.09 

-0.69 
0 -67 

-0.06 
31.7 

0.96 
0.03 

-0.47 
0 - 5 8  

-0.22 
30.9 

0.91 0.91 0.98 1-07  1.05 0.99 
0.13 -0 .06  0.02 0.01 -0.01 -0.07 

-0.53 -0.60 -0.84 -0 .85  -0 .BO -0.57 
0.72 0.78 0.77 O.6R 0.58 0.45 

-0.16 -0.16 -0.29 -0.25 -0.36 -0.39 
38.3 40.R 38.3 32.4 29.2 25.5 

R =  8 . 0 0  
DELTA= 75 DEG 
UINF- 3 1 . P  H /C  
x /o=  1 0 . 0 0  

PHI= 15.1 DEG 
z/o= e .20  

0.01 
0.15 

-0.23 
0.40 

-0.17 
23.2 

0 . 0  -0.04 -0.04 -0 .01  -0.01 0.01 
0.47 0.96 0.97 0.99 1.02 1.16 

-0.46 - 0 . 5 8  - 0 . R O  -0.82 -0.75 -0.79 
0.55 0.70 0.81 0.87 0.80 0.64 

-0.23 -0.16 -0.21 -0.07 -0.07 - 0 . 0 2  
2 5 . 8  36.4 40.3 41.3 38.3 29.0 

-0.04 
1-56 

0 -49 

-0.31 
-0.69 

25.2 

- 0 . 0 8  - 0 . 0 8  -0.06 0.0  -0.04 -0.03 
0-87 0.93 0.97 0.57 0.99 1.09 

-0.34 -0.63 -0 .80  -0.65 "0.63 -0.74 
0.73 0.78 0.75 0.75  0.61 0.37 

- 0 . 0 5  -0.15 -0.29 -0.32 -0.29 -0.43 

k= 
DELTA 
UINF= 
X / D =  
z/o= 
PHI= 

= 75 DEG 
P.03  

10.03 
2l.q M / S  

R.25 
1 S . I  DEG 

R= e.c3 
DELTA= 75 DEG 
UINF= 3E.L M / B  
X / D =  10.OJ 
z / c =  E . 2 0  
PHI= 15.1 DEG 

0 . 9 9  0.94 5.96 1.03 3.99 1.00 1-17 
0.07 0.10 0 . 0 2  0.07 -0.04 0.02 -0.06 
0.38 0 . 5 8  0.72 0.79 0.89 0.79 0.62 

-0 .12  -0.12 -0 .11  -0 .20  0.06 -0.15 -0.09 
- 5 . 2 6  -0.36 - 0 . 5 5  -0.89 -0.73 -0.76 -0.85 

20.9 31.5 37.0 37.3 42.2 38.3 28 .5  

-0.02 - 0 . 0 2  -0.08 -0.04 -0.03 -0.04 
0.95 1.02 0.91 l.G6 1.05 1 - 1 0  

-0.49 -0.67 -0.65 -0.89 -0.84 -0 .80  
0 . 5 7  0.70 0.77 0.75 0.68 0.57 

-0.26 -0.14 -0.20 -0.21 -0.26 -0 .25  
31.0 34.5 40.8 35.4 33.1 27.7 

1.12 
0.04 
0.45 

-0.32 
21.P 

-0.78 

3.96 0.97 0.95 0.95 
0.06  0 . 0 2  - 0 . 0 8  0.04 

-0.22 -0.39 "5.57 -0.77 - 0.41 0 . 5 8  0.75 ('-635 

-0.13 -0 .11  -0.08 -0.12 
23.3 30.8 39.2 41.8 

1.00  1.06 1.14 
0.0 0.02 -0.01 

-0.81 -0.84 -0.74 
0.91 0 . 8 0  0.69 

0.02 -0.07 0 . 0 5  
42.4 36.8 31.3 

UE/UINF 
VB/UI NF 
WB/UI  NF 

CP 

THETA 
CPT 

-0.03 0.0 -0.05 0.0 -0.07 -0.01 -0.02 
0.95 0.93 0.99 0.98 1.01 1.01 1 - 0 1  

-0.41 -0.61 -0.83 -0.82 -0.83 -0.76 -0.58 
0.58  0.70 0.77 0.70 0.77 0.68 0.50 

-0.16 -0.24 -0.24 -0.25 -0.21 -0.28 -0.31 
31.8 37.1 38.4 3.4 37.5 34.1 26.9 

DELTA= 75 DEG 
K =  7.49 

UINF= 37.9 M / C  
x / o =  2 0 . 0 0  
z/o= 1 1 . 5 0  
PHI= 17.3 IOEG 

-0.04 - 0 . 0 5  - 0 . 0 2  -0.08 -0.03 -0.03 
1.06 1.12 1.06 1 - 1 1  1-17 1.06 

-0.24 -0.38 -0.41 -0.42 -0.49 -0.33 
0.35 0 . 4 1  3-47 0.55 0.47 0.44 

0.0 0 . 0 5  -0.04 0.06 0.10 -0.01 
ld.7 23.8 24.4  25.2 22.4 23.1 

1.11 
0.01 

.0.36 
0.37 

0.02 
18.6 

UB/UI NF 
VB/UI NF 
WR/UINF 

c-0 

-0.05 
I e04 

-0.39 
9.44 

-0.11 
23.5 

-0.01 -0.01 - 0 . 0 2  -0.01 -0.01 0 . 0 5  
1.09 1-07 0.97 1-07  1.02 1 - 0 5  

-0.42 -0.41 -0.26 -0.34 "0.32 - 0 . 2 5  
0.45 0.42 0.38 0.31 0.21 0 . 0 8  

-0.02 -0.10 -0.16 -0.09 -0.23 -0.13 
22.8 21.8 21.7 16.5 12.0 4.2 

Q= 5.00 
DELTA= 90 DEG 
UIYF= 39.1 M / S  
x /o=  20.01 
Z/D= 14.00 
PHI= 15.7 DEG THETA 

EPT 

UB/UI NF 
VR/U I NF 
WB/UI  NF 

CP 

THETA 
CPT 

-0.03 
0 . 9 A  

-0.15 
3.29 

-0.10 
17.2 

-0 .05  -0.03 -0.02 -0 .02  0 . 0  -0.05 
1-02 1.02 1-03 1-00 1.09 1.12 

-0.21 -0.27 -0.37 -0.28 -0 .50  -0.46 
0.37 0.43 0.44 0.51 0.45 0.43 

-0.04 -0.04 -0.10 - a m 0 1  -0.10 -3 .01  
20.8 23.5 23.3 27.1 22.5 21.8 

9 =  8.00  
DELTA= 90 DEG 
UINF= 38.1 M / S  
X/D= 20.02 
Z/D= 11.75 
PHI= 15.7 DEG 

.. . 
DELTA= SO DEG 
UINF= 38.1 H / 3  
x /o= a .00  
Z / D =  6-56 
P H I =  35.5 DEG 

-J.01 
0.95 

-0.52 
0.ib 

-0.24 
29.9 

1.00 1.00 0.96 0.99 0.91 1.05 
0.01 0.01 0.03 -0.04 -0.03 -0.01 

-0.75 -0.81 - 0 . 8 2  -0.74 -0.64 -0.60 
0.66 0.74 0.78 0.65 0.66 0.46 

-0.30 -3.27 -0.30 -0.32 -0.39 -0.28 
33.3 36.4 38.9 33.7 3b.2 23.8 

UB/UINF 
VB/UINF 
WE/UINF 

CP 

THETA 
CPT 

0.81 0.77 0.79 0.75 0.92 0.75 0.54 
0 . 0 2  0.15 0.0 0.03 -0.04 0.0 -0.10 
0.79 0.92 1.13 1.15 0.93 0.88 0.77 

-0.29 -0.95 -0.75 -0.90 -1.49 -1.29 -0.78 
-0.57 -1.31 -1.67 -1.81 -2.21 -1.63 -0.6R 

44.0 50.1 55.3 56.9 45.0 b9.4 5 5 . S  

F(= 9.02 
DELTA= 105 DEG 
UINF: 38.3 M / S  

7/D= 7.50 
X/D= 3.00 

P H I =  33.0 DEG 

. "_ 
DELTA= 90 DEG 
UINF= 21.1 M / S  
x/D= 9.51) 

PHI= 22.4 JEG 
Z/D= 9.70 

C .  
d .  

Cold jet, 
Hot  jet, 

TJ/TINF 
TJ/TINF 

0.90 
= 1 . 1 5  



W 
h) 

TABLE B2 .- Concluded 

C O N 0  I T I C N S  

R =  e . 0 1  
DELTA= 105  OEG 
UIhF= 38.0 Y / S  
x / c =  4.00 
z / c =  7.94 
P H I =  2 8 . 5  DEG 

R =  7.99 
DELTA=  105 DEG 
UINF= 38.2 M / S  
x/o= 8 . 0 0  
z / o =  5.20 
P H I =  23.0 OEG 

R= 8-00 
DELTA= 1 0 5  DEG 
UIhF= 38.1 Y / S  
x/o= 8.03 
Z/O= 9.82 
P H I =  23.0 OEG 

R =  e . 0 1  
DELTA= 105 DEG 
UIhF= 38.3 M / S  
x / o =  1 0 . € 9  
Z / O =  10.47 
P H I =  19.0 OEG 

I?= 7.94 
DELTA= 1 0 5  DEG 

X/C= 10.69 

PHI=   19 .0  OEG 
Z/C= 10.47 

UINF= 38.4 M / C  

R =  7 .99 
DELTA= 105 OEG 

X/O= 10.75 

PHI=   19 .0  OEG 
Z/O= 10.47 

U I ~ F =  ze.4  HIE 

R= e.oo 
DELTA= 105 OEG 
UIhF= 38.4 M / S  
x /o=  2 0 . 5 0  
Z / O =  13.49 
PHI- 14.0 O E G  

ZE/O 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

0.90 0.61 0.70 0.67 0.97 0.70 0.82 
0.08 -0 .01  0.17 0.02 0.04 0.06 -0.14 
0 .59  0.91 1 - 1 0  1.17 0 .87  1.01 0.78 

-0.40 "0.35 -0.10 -0.31 -1.31 -0.85 -0.83 
-0.57 -0.55 -0.83 -1.14 -2.02 -1.37 -1.15 

33.1 5 6 - 3  57.6 60 .0  41.9 55.0 44.5 

0 . 9 0  0.98 0.90 0.85 0.91 0.87 0.75 
0.02 0 . 0 3  0.02 0.02 -0 .02  -0.03 -0 .07  

-0.19 -0.38 -0 .39 -0.58 -0.82 -0.95 -0.64 
0.37 0.49 0.69 0.73 0.71 0.68 0.74 

-0.24 -0.18 -0.10 -0.32 -0 .49  -0.72 -0.52 
22 .3  26.6 37.3 4 1 - 0  38.0 37.9 45.2 

0 .97  0.91 0.87 0.97 0.96 0.85 0.80 
0.03 "0.09 0 .0  -0 .05  -0.10 -0.04 -0 .05 

-0.44 "0 .48  -0 .61  -0.86 -0.96 -0.89 -0 .79  
0 .47  0.63 0 .70  0.67 0 .65  0.71 0.59 

-0.29 -0.25 -0.35 -0 .47 -0 .60  -0.65 -0 .80  
25 .7  35.3 38.8 35 .0  34.8 40.1 36.8 

0.92 0.97 0.91 0.85 1.00 1 -04  0.85 
0 .03  0.04 -0 .02  -0 .03  0 .0  -0.01 0 . 0 2  
0 .43  0 .52  0.61 0.67 0 . 6 2  0.54 0.58 

-0 .17  -0.13 - 0 . 1 6  "0.28 - 0 . 3 7  -0.52 - 0 . 5 5  
- 0 . 2 0  -0.35 -0 .37  -0 .47  - 0 . 7 7  -0 .89  -0.61 

25.1 28.1 34.1 38.3 3 2 - 1  27.4 34.5 

0.95 0.93 0.94 0 . 9 2  0.89 0.85 1.03 
0.03 0.04 0.01 -0.03 -0 .02  -0.09 - 0 . 0 6  
0.44 0.55 0.55 0.66 0.67 0.75 0.56 

-0.12 -0.15 -0.32 -0.22 -0 .34 -0.18 -0.41 
24.9 30.5 30.6 36.0 37.3 41.8 29.0 

-0 .22 -0.31 -0.51 -0 .52  -0 .59  -0 .48 - 0 . 8 0  

0.01 0 . 0  0.03 -0.04 0 . 0 2  - 0 . 0 2  -0.04 
0.93 1 - 0 0  O . ' 3 i  0.90 0.83 0.86 1 - 0 2  

-0.25 -0 .46  -0 .40  -0.49 -0 .45  -0.64 -0 .85  
0 .43  0.51 0.62 0.63 0.72 0.59 0.52 

-0 .20 -0.20 -0 .08 -0.28 -0.23 -0 .55 -0 .52  
24.9 26.9 32.5 35 .6  40.9 34.5 27.4 

0.01 -0.03 -0.01 -0.07 -0 .03  0 .0  0 . 0  
1.03 .Os94 0.99 0.96 0.96 0.91 0.95 

-0.30 -0 .20 -0-30 -0 .34 -0.35 -0.30 -0.32 
0.33 0.40 0.41 0.39 0.44 0.39 0.35 

-0 .13 -0.15 -0.14 -0 .25  -0.24 -0.33 -0.34 
18.2 23.6 22.9 23.4 25.0 2 3 - 6  20.E 

UE/UlNF 
V W U I N F  
WB/UINF 

CP 

THETA 
CPT 

UB/UINF 
VB/UINF 
WE/UINF 

CP 

THETA 
CPT 

UE/UINF 
VE/UINF 
WE/UINF 

CP 
CPT 

THETA 

UB/UINF 
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WB/UINF 

CP 

THETA 
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UB/UINF 
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THETA 
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v w u x ~ ~  

UE/UINF 

WB/UINF 
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CP 

THETA 
CPT 
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WB/UINF 
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CP 

THETA 

% 
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Figure B2.- Symmetry  plane  velocities in vortex-curve  vicinity. 
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TABLE B3.- TABULATED VALUES OF SYMMETRY PLANE VELOCITIES 

AND PRESSURES NEAR JET ORIFICE 

- 
CI - 
R 
D 
U 
X z 
P 

R 
D 
U 
X 
2 
P 

F 
0 
U 
X 
2 
F 

F 
C 
L 
) 

F 
A 

I 
I 

I 

I 
I 
I 

I 

I 

- 

___~ 
7c/  c 

- 1 . 5  -1.0 -0.4 0.0 3.5 1.0 1 .5  

211 /n 
- 1 . 5  - 1 . 0  -0.5 0.0 0.5 1 .0  1.5 CUNDlTlONS 

TEST 
CNDIT IONS 

T C S I  

R= 4.07 
DELTA= 90 OEG 
UINF= 43.3 H/S 

0.27 S.59 0.32 1.43 1 .40  3.47  0.38 

-0.72 -0.62 -0.23 0.20 3.46  -0.61 - 0 . 2 4  
0.10 0.03 0.0 0.05 -0.04 -0.07 -o .oe  

-0.54 - 1 . 0 2  - 1 . 7 4  -3.11 -4.34 - 3 . 3 R  0.42 
-0.93 -1 .29  - 1 . 0 3  -2.00 - 2 . e 5  15.80 -0 .38  

69 .4  46.2 14.2 8.1 18 .3  9.8 33.5  

e/u ~ N F  
O/LINF 
D / U I N F  

CF 
C P l  

THETA 

I W U I N F  
'B/UINF 
IB/UINF 

CF 
C PT 

THETA 

JB/UINF 
fB/UINF 
I W U I N F  

CP 
C P l  

ltiETA 

JU/UINF 
/L!/UlNF 
d E / U I h F  

CP 
CPT 

THETA 

UB/UINF 
i l W U  INF 
YB/UINF 

C P  
CFT 

THETA 

UWUINF 
WE/UINF 
bE/UINF 

CP 

THETA 
CPT 

U W U  IN1 
VB/LINI 
YB/UINF 

C P l  
CP 

THETA - 

-0.02 
3.28 

-0.et 
-0.59 
-1.07 

67.4 

-0.02 
0.44 

-0.66 

-1.21 
-3.83 

55.5 

-0.14 
0.59 

-0.64 

-1.16 
-0  -95 

47.9 

-0 -07 
3.80 

-0.35 - 1 - 6 2  
-1.85 

24.3 

-0 - 0 5  
1.19 

- 3.03 
0.34 

-2.49 
15.9 

0.08 
1.91 

- 1 . 1 4  
0. 04 

-1.43 
2 .6  

4 - 0 2  
0 - 0 5  

-0 -66 
-0.39 
It. .2R 

9.3 

= 4.01 
ELTA= ~ J O  nE.2 
I N F =  43.2 M / S  
/D= 1.07 
/ D =   0 . 8 7  
H I =  P7.8 DCG 

X/D= 1.50 
Z/D= 0.94 
PHI= R 7 . 8  DEG 

-0.04  -0.03  -0.04  0.03 - 5 . 0 1  -0.07 - o . o e  
0.26 7.52 0 . 0 2  1.13  1.2P. 4 - 5 7   1 - 2 3  

-0.71 -0.62 -9.3R 0.12 0.69 -0.46 - 5 . 0 5  
-C.13 -0 .P3 -1.56 -2 .57  -? .e3  -0 . t3  -0.07 
-0 .YB -1.16 -1.57 -2.ZG - 2 . 7 0  15.e6 0.46 

63.4  50.1  22.4  6.1 2'1.3 6.5 5.4 

--5.12 
0.94 

-0 .06  

-1 .53  
-0. d4 

15.7 

0 . 7 2  
0.91 

-1 .55  
-1.29 

47.3 

n. e 5  
-0.33 

0 e69 

-2.34 
1 . 2 2  

-1.17 
€O.€ 

-0 .10 
0.39 

-7.25 
1.03 

-2.07 
65.3 

-0.02 
I .  10 

-2.32 
0.59 

- I  - 76 
2 e . 2  

0.3 
2 - 6 1  

-0 .2  I 
1.43 

7.q3 
23. a 

0.66 

-0.20 
0.01 

0.35 
-0.13 

16. s 

R= 4.04 
DELTA- P O  DE! 
U INF=  42.4 M / .  
X /D= 1 - 0 9  

P H I =  35.6 CE(  
Z/D= 1.87 

3 

R= 4.02 
DELTA= 90 DFG 
U I N F =  42.Y M/S 
X/D= 1-24  
Z/D= 1.67 
P H I =  35.6 C E G  

-0.06 -0.03 -0.52 -0.01 9.04 -0.04 - 0 . 0 4  
0.29 0 . 5 0  C . 7 1  1.06 1 .35  4.07 2.53 

-0.75 -0.€6 -0 .50  0.39 2-71  -3.33 - 9 . 1 9  
- 0 . 4 5  -0.90 -1.26 -2.36 -2.e7 -0.91 - 0 . t ~  
-5.79 -1.20 - 1 . 5 1  -2.22 -2.42 15.90 4 . 3 5  
69.9 52.e 35.C 4.7 27.2 4.6 4.3 

I= 4.01 
ELTA= 90  DEG 
IINF- 43.3 M / S  
./e 1.19 
:/D= 0. 96 
) H I =  e7.a C E G  

ELTA= 90  DEG 
IINF- 43.3 M / S  
./e 1.19 
:/D= 0. 96 
) H I =  e7.a C E G  

-0.07 -0.03 0.0 0.0 -0.02 -0 .04  -0.07 
0.26  0.48 0.h2 0.98 1 . 4 0  4.09 J . 3 C  

-0.40 -0.68 -1 .15  -2 .12  -3.78 -1.26 - 0 . 7 1  
-0.78 - 0 . 9 5  - 1 . 4 3  -2.16 -2.37 1 5 - 7 0  10.39 

-3.74  -3.71  -0.57 -0.~5 0.65 -0.21  -0.48 

70 .5  5s.e 42.2 2.9 2 4 . 5  3.0 8.3 

1=  4.01 
)ELTA= 90 DEG 
IINF= 43.4 M / S  
(/D= 1.26 
!/D= C.F6 
)HI= 87.8 D E G  

a= 4.01 
E L T A =  S O  DEG 
I INF= 43.5 H/S 
K/D= 1 - 3 2  

? H I =  8 7 . 8  OEG 
L/D= O.F5 

a= 4-06  
DELTA= 90 DEG 
uINF= 43.3 M / S  
X/D= 1.37 
z/e 0.95 
PHI=  87.8 DEG 

R= 4. 05 

U I W =  43.3 M/S 
x/D= 1.44 
U D =  0.94 

DELTA= 90 DEG 

PHI= e7.8 DEG 

0.20 
-0.05 

0 - 4 8  

-0.54 
-1.00 
-1.47 

48.7 

0 - 4 0  
-0.07 - 0.73 
-0.77 
-1.00 

5 7 . 0  

0.02 
1 .oo 

-0.14 
-2. OR 
-2 * 06 

7.8 

-0.02 
1.43 

-3.63 
0.62 

-2 - 1 R  
23.4 

-0.01 
4. 07 

-0.17 
-2.29 
14.41 

2.5 

-0 -03 
3.72 

-0.75 
-0.12 
l 4 . l €  

11.4 

-0.76 
0. 3 

-3. 6 7  
-0.33 

69 -6 

-0. c5  
0.27 

-0.78 
-0.21 
-0.62 

70  -8 

-0.24 
0.43 

-0 - 6 6  
-0.78 
- 1 .  15  

5 7 .  I 

-0 .Q6 
0.45 

-0.71 
-0.78 - 1.07 

57.7  

-0.05 
0.91 

-0.15 
-1.89 
-2 .03  

10.1 

-0.05 
1.37 

0.57 

-2.15 
-3.37 

22 -6 

3.61 
0.06 - 0.24 

-3.21 
9.62 

3.9 

-0.0: 
3.85 

0.07 
15.9( 

1 l . t  

- o . e ~  

-0 .12  
0.28 

-0.63 - 0.70 
-1.22 

6 6  -2 

-0 05 
0.41 

-0.81 
-0.45 
-0 -6 1 
63 -3 

- 0 . 1 0  
3 . 5 8  

-0.53 
-1.11 - 1.49 

42  -9 

-0.04 
0.63 

- 1.72 
-0  -33 

-2 .21  
27.9 

0.01 
1.35 

0.38 
-3.24 
-2 .25  

15.9 

2.67 - 0. 03 
-0.21 
-3.77 

2.62 
4.7 

3.94 
0.0: 

-0.71 
-0 .11  
16-  0 

IO.' 



TABLE B3 .- Concluded 

1 TEST 
CONDITIONS 

, R= e.04 

UINF= 21.7 M/S 
DELTA= 90 DEG 

x/ *  1.01 
Z/D= 0.97 
PHI= e7.8 DEG 

R= 8.05  
DELTA= 90 DEG 
UINF= 21.7 M I S  
X/D= 1.07 
Z/D= 0.97 
PHI= 87.8 D E G  

R= 8.01 
DELTA= 90 DEG 
UINF= 21.8 M/S 

Z/D= C.46 
x/= 1.13 

PHI=  87.8 DEG 

z a / o  
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

2 B/D 

-1.5 - 1 . 0  -0.5 0.0 0.5 1.0 1.5 CONDITIONS 
TEST 

u w u  INF 

Y W U   I N F  
VE/LINF 

r o  

0.15 
0.08 

-0.64 

-0.€9 
-0.13 

77 -2 

-0.05 
0.19 

-0.73 
-0.04 

75  -6  
-0.4e 

-0.03 
0 -20 

-0.69 
-0.18 
-0.67 

73.6 

-0.08 
0 -23 

-0.61 
-0 -31  
-0.88 

69.3 

-0.19 
0.24 

-3.43 
-0.49 
-1.21 

62 -9 

7.38 
0.07 

-0.11 
-4.14 
52.37 

0.9 

0 .o 
8.12 

-1.09 
0.12 

68.34 
0.8 

H= 8.06 
DELTA= 90 DEG 
U 1 W =  21.7 M I S  
X/D= 1.44 

PHI=  87.8 DEG 
U D =  0.94 

-0.06 -0.05 0.02 0.07 0.04  - 0 . 0 1  -0.23 
0.17 0.19 0.23 0.28 4.52  8.02 2.27 

-0.65 "0.65 -0.66 -0.54 -0.41 0.17 0.49 
-0.15 -0.22 -0.26 -0.38 -1.89 -0.27 -0.55 
-0.70 -0.76 -0.77 -1.00 1 9 . 1 1  67.33 3.92 

75.4 74.8 7C.6 62.5 5.3 1.2 13.4 THETA 
EPT 

0.13 0.19 0.22 0.31 2.21  8 - 0 7  5.11  

-0.€6  -0.71  -0.66 -0.50 -0.27  0.27  0.63 
0.03 0.03 -0.05 0.07  0.09 - 0 . 0 3  - 0 . I F  

-0.64 -0.59 -0.71 -1.07 2.36  67.78 25.03 
-0.09 -0.12 -0.20 - 0 . 4 2  -1.64 -o.eo - 1 . 2 4  

U W U I N F  
VB/UINF 
WWUINF 

r n  

-0. I O  
0.17 

-0 -52 

-1.05 
-0.36 

72 -2 

-0.07 
0.17 

-0.69 
-0. os 

76  -3 
-o.se 

-0.06 
0.19 

-0 -68  

-0.67 
-0.17 

74. I 

0 -23 
0.01 

-0.71 
-0.16 
-0.60 

72.1 

-0.05 
0 -30 

"0.49 
-0 -45  
-1.11 

58.3 

4.54 
0.04 - 0.53 

-2.00 
1 8 - 2 9  

6.6 

8.08 
0.02 

- 1  -95 
0.19 

66 - 6 9  
1.3 

R= 7.99 
DELTA= 9 0  DEG 
UINF= 2 1  -8 Y/S  
X/= 1-50 

PHI= 87.0 DEG 
Z/D= 0.94 

THETA 
EPT 

78.5  75.1 71.E 5 8 . 8  7.3  1.9  7.4 

0 . 1 1  0 .19  0.23 0.27 0.98 8 - 0 3  7.4C 
-0.01 -0.03 0.53 0.13 0.03 0.01 -0.01 
-0.64 -0.67 -0.72 -0.64 -0 .C4 0.36 0.25 
-0.12 -0.18 -0 .14  -0.26 "1.64 - 0 . 8 5  -2.17 
-0.70 -0.69 -0.57 -0.77 - 1  -66 67.04 54.69 

79.9  73.9  72.0 6 7 - 6  2.9 2 . h  2.3 

V W U I N F  
UE/UINF 

UE/UINF 
C D  

0.52 0.82 1.03 1.31 7.57 1-86  0.19 
0.06 0.C6 0.1 I -0.20 - 0 . 3 8  -0.19 -0.03 

-0.73 0.40  1.32 1.22 2.53 0.64 -0.61 
-0.35 -1.C3 -2.65 -4.38 -2.92 -2.99 0.29 

32.7  26.4 51.9 46.0  17.5 20.0 72.5 
-0.97 -1.20 -0.82  -1.55 63 .m -0.05 -0.31 

R= e.07 
DELTA= 90 DEG 
UINF= 21.2 I r / S  
X/D= 0.63 

P H I =  66.6 DEG 
Z/t% 2-69 

-. 
CPT 

THETA 

0.18 0.15 0.23 0.26 0.64 8.04 7 - 9 6  
0.03 -0.07 -0.05 0.03 - 5 . 1 5  0.12 -0.02 

-0.59 -0.75 -0.71 - C . 6 8  0.07 0 .44  -0.15 
-0.28 0.03 -0.15 -0.16 -1.35 - 1 . 1 8  -3.67 
- 0 . 5 0  -0.3e -0.59 -0.63 - 1 . 9 1  66.93 65.34 

73.3 78.5 72.3 68.8 14.5 3.2 1 . 1  

UB/UINF 
V W U   I N F  
Ye/ L; 1 NF 

r o  

-0.52 
0.59 

-0.37 
-3.35 
-0. e7 

32 - 2  

-0.02 
0. A 5  

-3.75 
0.03 

- I  - 0 3  
3.0 

-C.06 
0.91 

-1.56 
0.80 

- 1 . 1 0  
41  -4  

-0.03 
1.06 

-3. R 4  
1.53 

- I .35 
55.3 

-0.20 
3.34 

-7.07 
0.99 

4.25 
17.0 

- 0.19 
6 -67  

-1. 17 
2.11 

49.25 
17.7 

0.33 
0.01 

-0.60 

- 1 . 0 3  
-0 .s 1 

6 1  .o 

R =  7.49 
DELTA= 90 DFG 
UINFZ 21.1 C/S 
X/D= 0.d5 

PHI= €6.7 DEG 
Z/D= 2.60 Z/D= 0.96 

X/D= 1.19 

PHI= 87.8 DEG 

R= 8.13 

UINF= 71 -7  H/S 
DELTA= 90 D t G  

X/D= 1-76 

PHI=  87.8 DEG 
Z/D= 0.96 

-. 
CPT 

THETA 

0.12 0.17 0 . 2 0  0.24 0.30 8.09 8 . O P  
3.C4 0.2 -0.02 -0.05 0.12 0.25 - 0 . 0 4  

-0.74 -0.72 -0.69 -0.67 0.31 0.55 - 0 . l C  
0.15 -5.06 -0 .16  -0.20 "5.94 -0.79 0.17 

- 0 . 2 8  -0.51 -0.65 -0.68 -1.74 68.47 6 9 - 8 5  
80.5 76.5 73.7 70.2 47.7 4 .2  1 . i  

UEVUINF 
V W U I N F  
YB/LINF 

CP 

THE T I  
C FT 

-0.07 0.10 0.17 -0.03 -0.10 -0 .14  0.0 DELTA= 90 DEG 
3.63 3 . 6 6  9.83 0.83 3.60 5.10 0.71 R= 7.99 

-0.15 -0.97 -2 .51  -3.67 -ea61 -5.76 -1.92 X/= 1.00 
0.19 1 . 3 1  1.52 1.56 0.99 7 - 1 3  -0.05 UINF= 21.2 W/S 

P H I =  57.1 DEG 
Z/D= 3.hl 

-0.05 0.0 0.04 0.0 0 . 1 1  0.04 -0 .04  
0.12 0.21 0.22 0.24 0.35 7.97 R.54 

-0.06 -0.23 - 0 . 1 1  -0.18 -3.82 -0.59 -0.63 
-0.66 - 0 . 6 5  -0.73 -0.69 -0.26 0.63 - 0 . 1 1  

-0.61 -0.76 -0.53 -0.66 -1.62 66.49 67.2& 
79.7 72.2 73.3 71.0 3 1 . 4  4.5 0 .5  

u w u  INF 

YB/UINF 
VB/UINF 

CPT 
CP 

THETA 

-0.05 0.03 0.06 -0.01 -0.12 - 0 . 1 4  - 0 . 1 4  
0.76 3 . 7 h  0.67 0.79 1 - 0 8  5 - 5 5  2.69 

-0.43 -0.RF - 1 . 5 4  -4.16 - 4 . O e  -9.15 -3.83 
-0.05 0 . 5 1  1.34 1.66 1.25 1.Q3 1.37 

-0.85 -1 .05  -0.29 -1.77 -2.33 30.58 4.41 
6.1 33.6 63.4 64.6 49.6 18.1 27.2 

R= 8.01 
DELTA= 90 DEG 
UINF- 21.4 H / S  
x /a=  1.22 
L / D =  3.45 
PHI=  57.1 DCG 

R= C.03 

U I M =  71.7 V / S  
DELTA= 90 DEG 

X/D= 1.32 

P H I =  87.8 DEG 
?Yo= 0.95 

-0.04 -0.02 -0.02 -0.03 -0.C3 0.C5 0.0E 
0.13  3 - 2 0  0.19  0.23 2 - 3 1  7.95 5 - 1 0  

-3 .04  - 5 . 1 2  - 3 . 1 5  - 0 . 1 6  -0.42 -1.S7 -0.53 
-0.57 -0.56 -0.60 "0.59 -1.08 64.53 68.3E 

70.1 74.4 74.8 72.2 5e.4 3.5 0.3 

-0.87 -0.72 -0.69 -0 .72  -5.50 0.41 -0.91 

U W U I N F  
VB/UINF 
Y W U I N F  

DELTA= 90 DEG 
U I S =  21.6 M / S  
X/D= 1.3e 
Z/D= 0.95 
PHI= 87.8 DEG 
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CP 

THETA 
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Figure B3.- Symmetry  plane  velocities  near jet orifice. 



TABLE B4.- TABULATED  VALUES OF  CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 4 AND DELTA = 45O 

R= 4.05 DELTA= 45 DEG 

X/D= 6.46 
z/D= 2.00 

UINF= 42.0 H/SEC 
PHI= I t  .O DEC 

x 
1.5 

1 .O 

0 .s 

0.0  

-0 -5 

-1.0 

-1.5 

-r 
0 .O 0.93 1 e73 

-0 .os 
1.40 

-0.39 
0.27 

0.66 
11.9 

-0.03 
1.26 

-0.51 
0.59 

0.43 
25.3 

-0.01 
1.10 

-0.34 
0.65 

30 -7 
0.30 

0 -07 
1.01 

-0.15 
0 m39 

0 a03 
21.3 

0.94 
0.07 
0.16 
0.02 
-0.07 
10.0 

0 .Od 
0.93 

-0.01 
0.03 

-0  -09 
0.9 

0.84 
0.04 

-0 - 1  3 

0.25 
1.81 

-0  e54 
0.02 

1 e83 
5.6 

1.77 
0.22 

-0.06 
-0.67 

I .54 
5.3 

-0.04 
1.97 

-0.71 
0.0 

2.24 
3.4 

-0.23 
1.55 

-0.52 
0.04 

0.96 
10.9 

-0.28 
1.12 

-0.1 4 
0.0 

0.20 
16.3 

-0.19 
c. 98 

-0.07 
0.0 I 
0.02 
13.8 

0.98 
-0.13 
-0.13 
0.01 
0.02 

~ .~ 

1 23 

-0 29 
0.25 

-0 36 
0.30 
16.1 

1 a41 
0. 19 

-0 34 
-0.44 
0.73 
14.7 

0.03 
1 - 4 3  

-0 .43  
-0.49 
0.76 
16.6 

-0  23 
1.14 

-0 39 
-0.25 

22.4 
0.26 

1.03 
-0 27 
-0.27 
-0.12 

21.6 
0. 08 

-0.20 
1.02 

-0.07 
-0.21 

0.06 
17.0 

-0 .  16 
1.01 

-0 19 
-0.03 

0 .  04 
0.0 
. .~ ~ 

-0 26 ~. ~~ 

8.9  12.4  14.8 

-1 
UB /UI NF 
VB/U I NF 
re/ur M 

CP 
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VB/UI NF 
WB/U INF 

CP 
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CP  T 
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CP 
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C PT 
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CP 
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CP 
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CP 

THETA 
CPT 

R =  4.07 DELTA= 45 DEG 

x /3=  9.78 
Z/D= 2.63 

UINF= 41 - 9  M/SEC 
P H I =  9.0 DEG 

-r 

I .5 

1.0 

0.5 

0.0 

-0.5 

- 1  .o 

- 1 . 5  

0.0 1.12  2.22 

-0.02 
1.41 

-0.32 
0 e29 

0 e75 
12.3 

-0.02 
1.29 

-0 36 
0.43 

0.50 
19.1 

0 .o 
1 13 

- 0  24 
0.47 

0 e27 
22.9 

0.02 
1 -09 

-0.21 
0 a35 

0.12 
17.9 

0 a06 
1.01 

- 0  a 0 6  
0.24 

0.02 
13.4 

0.98 
0.02 
0.09 
0.0 

-0.02 
5.4 

0 -96 
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0 .03 

0 .o 
- 0  07 

0.22 
1.60 
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-0 .O I 

1.30 
5.5 

I .59 

- 0.04 0.12 

-0  36 
1.21 
2.7 

1.70 
0.01 
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0.0 

1 ;56 
1 e7 
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1.59 

-0.02 
-0.34 
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6 e 9  
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1.29 
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0.51 
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1.10 

- 0  e 0 5  
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0 . 0  
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1.03 

-0 29 
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0.11 
17.4 

1.1s 

-0.31 
0.10 

-0 .18  
0 m 2 6  
15.5 

0.05 
1.17 

-0.18 
-0.37 

0.33 
17.5 

1.12 
-0.10 
- 0  36 
-0.13 
0.27 
18.5 

-0.16 
1 a06 

-0.09 
-0.29 

0.14 
17.6 

-0.16 
1.02 

-0 e23 
-0 -05 
0.07 
15.7 
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I .01 
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0 -05 
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CP 
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TABLE B4.- Concluded 

R= 4 . 0 5  DELTA= 4 5  DEG 

X/D= 1 9 . 9 3  
Z/D= 4.30 

UINF= 42.1  M/SEC 
PHI= 5.0 DEG 

R= 4 . 0 5  DELTA=  45 UEG 

Z/D= 2 . 5 5  
X/D= 19.92  UINF= 42.1  M/SEC 

P H I  = 5.0 DEG 

1 .5  

1 .o 

0.5  

0.0 

-0 .5 

-1  . O  

-1 .5 

0 .o 1.92  3.80 

-0 -03 
1.31 

-0 .19  
0 . 1 7  

0 m56 
8.8 

- 0  - 0 3  
1.23 

-0 .1  8 
0 .22  

0.40 
11 .4  

-0.03 
1 . 2 1  

-0 .17 
0 .27  

0 e37 
13.5 

- 0 . 0 1  
1.16 

- 0 . 1 4  
0 .28  

0 .28  
14.1 

0 . 0 2  
1.12 

-0 .14  
0 .27  

0 .20  
13.e 

0 . 0 1  
1 .11  

- 0 . 1 4  
0 . 1 9  

0 - 1 4  
1 0 . 0  

1 . 0 5  
0 . 0 2  

-0 - 0 7  
0 . 1 2  

0.14 
1.27 

-0.18 
-0 .09  

0.46 
6. 1 

1.25 
0.10 

-0.1 1 
-0 .16 

0.4 3 
5.8 

1.36 

-0 .12  
0.09 

-0.2 1 
0.67 

5.6 

1.38 

-0 .12  
0.01 

-0.19 
0 e76 
5 .2  

-0.06 
1.29 

-0.15 
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0.50 
7 .8  

-0 .09  
1 e23 
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-0.1 4 

0.39 
80 7 

-0.13 
1.08 

-0. I O  
-0.08 

0.12 

0 . 0 5  
1.00 

-0.01 
-0 .16  
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9.4 

1.01 
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-0. 16 
-0.04 

0.01 
9.2 

0.0 
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-0. 17 
-0 06 

0 . 0 2  
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1 . 02 

-0.18 
-0.07 

0 . 0 1  
9 .e 

-0.02 
1.02 

-0 .17  
-0 06 

0.01 
9.3 

- 0 . 0 4  
1 .02 

-0 .16 
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0 .01  
8.9 

-0. 04 
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0 .01  0 . 0 5  
~ .. 
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CP 
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-0.06 
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7 a2 

-0.10 
1.20 
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0.34 
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-0 .13  
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0.06 
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TABLE B5.-  TABULATED  VALUES OF CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 4 AND DELTA = 60° 

R= 4. O b  DELTA= 6 0  DEG 

X/D= 1.96 
z/D= 2.20 

U I  hF= 42.4 M/SEC 
PHI=  30.0 DEG 

R =  4.00 DELTA= 60 DEG 

X / D =  5.96 
Z/D= 2.88 

UINF= 42.2 M/SEC 
PHI=  13.0 DEG 
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TABLE B5 .- Continued 

. 

R =  4.03 DELTA= 60 DEG 

X/D= 9.94 UIlrF= 42.3 WSEC 
z/D= 3.38 PHI=  10.0 DEG 
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TABLE B5.- Continued 

R =  4 .06  DELTA= 6 0  DEC 
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TABLE B5. - Concluded 

R =  4.05  DELTA= 6 0  DEG 

x/D= 3.95 
Z /D=  2.08 
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TABLE  B6 .- TABULATED  VALUES OF CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 4 AND DELTA = 75' 

R= 4.03 DELTA= 75 DEG 

X/- 1.96 
z/D= 2.1 1 

UINF= 42.0 M/SEC 
P P I =  28 .O DEC 

I e 5  

1 .o 

0.5 

0.0 

-0 .5 

-1.0 

-1.5 
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0 -03 

-0 15 
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10.5 
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0.01 
0 -90 
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' 18.2 
6 e 1 9  

0.95 
0.0 
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-1 -72 
-1 57 
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0 -50 
0 .09 
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-1 a06 
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1 e16 
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0.55 

- 0 . 5 2  
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0 . 6 5  
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1 e04 
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Z/D= 2.19 
X/D= 2 -96 UINF= 42.2 M/SEC 

P H I =  22.9 D€G 
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TABLE B6.- Continued 

R =  4.07 DELTA= 75 DEG 

X/- 7.51 
Z/D= 3-39 

UINF= 42.5 M/SEC 
PCI=  14.0 DEG 

R =  4. O R  DELTA= 75 DEG 

Z/D= 4.00 
x/D= 9.95 U I N F =  42.0 M/SEC 

PHI=  8.9 DEG 
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TABLE B6 .- Concluded 

R =  4. O ?  D E L T A =  75 DEG 

K I D =  I z.94 U I h F =  42.2 M/SEC 
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TABLE B7.- TABULATED VALUES OF CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 4 AND DELTA = 90° 

R= 4.00 D E L T A =  90 DEG 

X/D= 3.96 
Z/D= 3.01 

U I h F =  4 2  -1 W S E C  
P H I =  18 .1  DEG 
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Figure B7.- Cross-section velocities for R = 4 and DELTA = 90°. 
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TABLE B9.- TABULATED  VALUES OF CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 8 AND DELTA = 45O 
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-0.37 

0.55 0.06 
~. . 

14.5 20.3 

UB/U I NF 
V t l / U I N F  
WEI/UN I F  

C P T  
CP 

T h E T A  

UEl/UINF 
V B / U  I N F  
k B / U N I F  

C P  

THE TA 
C  PT 

U B / U  I NF 

WB/UN I F  
VEI/UI NF 

C P  
C P  1 

T h E T A  

U B / U I N F  
VB/U  INF 
WB/UNIF 

CP 
C P T  

THETA 

U B / U I  NF 
VB/U I NF 
YB/UFIIF 

C P  

T H E T A  
CPT 

U B / U  INF 

WR /UN I F  
V B / U I  M 

C   P T  
CP 

T H E T A  

VB/U  INF 
UO/UINF 

C P  

T H E T A  
C P T  

nB/uull 



TABLE B10 .- Concluded 

R =  8 . 0 0  D E L T A =  60 DEG 

X/D= 9.93 U I  hF= 38.1 W S E C  
Z/Q= 6.50 PHI= 24.0 DEG 

- 
1.5 

1 .O 

0.5 

0 .O 

- 0 . 5  

-1 .O 

-1.5 1 

0 .0  0 . 0  2.01  3.89  4.09 7.86 

-0 04 
1.48 

-0.04 
0 044 

0.56 
17.1 

1.41 
0.01 

-0 e97 
0.54 

20.4 

-0 05 
1. 23 

-0.79 
0.68 

0 020 
29.5 

0.02 
1 e03 

-0.50 
0 066 

-0 .07  
32.5 

-0.02 
1 .OO 

-0.41 
0.40 

0 .O 
24.3 

-0 .02 
1.03 

-0.21 
0 029 

-0 .05 
16.2 

0.32 

-0 .O1 
a. 99 

-0 .a7 
a. 13 

-0 -07  
8 . 0  

-0.03 
1 e48 

-0 .85 
0.44 

0.55 
16.9 

-0.04 
1.34 

-0.85 
0.6 1 

0.34 
24.8 

-0 .00  
1.27 

- 0.94 
0.66 

0.12 
28.0 

-0.01 
1.06 

0.6  1 

-0.11 
-0.62 

30.2 

-0.11 
1.04 

-0.35 
0.47 

-0.04 
25.6 

0.03 
1.02 

0.31 
-0.13 

0 . 0  
16.7 

-0.02 
0. F 7  

0.12 

-0.06 
-0.01 

0.4 

1.99 

-0.26 
0.42 

-1 19 
2.06 
12 e9 

2.15 

-0.43 
0.28 

-1 38 
2.57 
12.8 

2.01 
0.17 

-0 rn 39 
-1 35 

11.4 
1.94 

-0.12 
1.80 

-0 49 
-1 31 

15.9 
1.23 

-0.22 
1.54 

-0.99 
-0.49 

0 a69 
19.8 

-0.42 
1 e25 

-0 39 
-0 50 

0.33 
25.5 

-0.43 
1.09 

-0.32 
-0 30 

0.18 
27.1 

0.89 
0.09 

-0.61 
-0.16 

34.6 
0.01 

0.02 
-0.62 
-0.20 

0.0 
34.3 

-0.06 
0.92 

-0 66 
-0.25 

0 . 0 5  
35.7 

0 e90 
-0.16 
-0.60 
-0 23 
-0.04 

34 m 6  

-0.17 
0.91 

-0.20 
-0.60 

0 . 0 2  
34.3 

-0.16 
0.98 

-0.52 
-0.21 

0.04 
28.8 

-0.20 
0.95 

-0.51 
-0.13 

0.07 
29.9 

a. 90 

0 e 8 5  
0 .07  

-0.60 
-0 .10 

0.02 
35.2 

0.89 
0 . 0  

-0.18 
-0.62 

0 . 0  
34.9 

-0.04 
0.92 

-0.22 
-0  62 

34 .O 
0.01 

-0.10 
0.97 

-0.59 

-0 .01 
-0 32 

31   -4  

-0.1 A 
0.92 

-0 58 
-0.22 

0.01 
33.3 

-0 .21  
0.95 

-0 .51  
-0.17 

0.04 
30.1 

-0.21 
0.91 

-0.11 
-0 52 

0 - 0 4  
31.3 

0.91 
0.01 

-0.47 
0.0 
0.  Ob 
27.6 

-0.01 
0.93 

-0.03 
-0.45 

0 .os 
26.1 

-0. 03 
0.94 

-0.46 
-0.04 

26 a3 
0 .05  

-0.02 
0.94 

-0.44 
- 0  07 

0.01 
25.4 

- 0  e 04 
0.92 

-0.45 
-0.02 

0.03 
26 a3 

-0 .  Ob 
0.92 

-0.46 
-0.01 

26.5 

-0.06 
0.91 

- 0.03 
-0 -45 

0.01 
26 -3 

0 .05  

UB/UlNF 

YB/Ul NF 
VB/U 1 NF 

CP 
CPT 
THETA 

VWU  INF 
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WWUI NF 
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CP T 
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VB/U I NF 
UB/U 1 NF 

C P  
CPT 
THETA 
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YB/UINF 
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CPT 
THETA 

UW U I NF 

WE/UlNF 
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CP  T 
THETA 

VB/UINF 
UB/UlNF 

YB/Ul NF 
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CPT 
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VB/Ul NF 
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i H 
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TABLE B11.- TABULATED VALUES OF CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 8 AND DELTA = 75O 

R= 8.04 D E L T A =  75 DEG 

X/D= 1.96 
z/D= 3.88 

U I N F =  37.9 W S E C  
P H I =  51.0 DEG 

R =  7.99 D E L T A =  75 D E G  

X/D= 3.95 
z / D =  4.94 

U I N F =  38.6 M/SEC 
P H I =  42.8 DEG 

1.5 

I .O 

0.5 

0 .0  

-0.5 

- I  .O 

- 1  05 

0 . 0  1.08 2.29 

0 .OB 
0.6 1 

-0.48 
-0.19 
-0 .58 

38.5 

- 0 .  C 8  
3.88 

-1 -33 
I .28 

15 -28 
18.5 

-0 - 0 3  
4.71 

-5.1s 
0.79 

18-98 
9.7 

- 0 . 0 7  
1.04 

-2.89 
1.24 

-1.23 
50.1 

-0.01 
0 -91 

1.51 

-0.59 
-2 -71  

58.9 

- 0 . 0 2  
0 .80  

-1.10 
0 -93 

-0 058 
49.4 

0.83 
0 . 0  
0 . 2 6  

-0.81 
-0.56 

17 - 8  

0 - 2 7  
0.44 

-0.76 
0 .07  

-0.08 
60.9 

0.72 

-0 .82 
0.48 

-1  e 1  3 
-0 .70 

E 2 0 6  

2.19 

-0.49 
1.12 

-3  - 6 4  
1.80 
28.2  

30 15 
0.97 

-0.84 
-4 96 

e . 0 3  
21.3 

0.14 
2.37 

-1.30 
-4.64 

I .87 
28.9 

-0.84 
1.28 

-0 - 9 3  
-2 .32  
-0  .07 

45.1 

-0.67 
0.93 

-0.67 
-0.77 

0.0 
46.3 

0 . 1 0  
0.47 

- 0 . 0 6  
-0.89 

-0 m03 
62 .O 

0 .56  
0.18 
-0.96 
-0.30 
-0.02 

60 e 0  

0.63 
0.06 

-1 e 03 
-0.66 
- 0 . 1 9  

58.7 

- 0 . 0 8  
0.64 

-1 rn 09 
-0.85 
-0.24 

5 9  -8 

-0 31 
0.67 

-1. 15 
-0.68 

0.20 
6 0  -8 

-0.33 
0.75 

-0 -99 
-0.90 
-0.23 
54 e 6  

0.73 
-0.43 
- 0 . 5 3  
-0.44 

0.14 
54.9 

U B / U I  M= 

WB/U 1 NF 
VB/U I N F  

CP 
CPT 

THETA 

UB/U I NF 

WB/UI  NF 
V B / U I  K 

CP 
CPT 

THETA 

VB/U I NF 
U B / U I  NF 

WR/UI K 
CP 

THETA 
C  PT 

UB/U I NF 
V B / U I  NF 
Y B / U I N F  

CP  T 
CP 

THETA 

UB / U I  K 
VB/U I NF 
WB/UI  K 

CP 
CPT 

THETA 

U B / U I  NF 
V B / U I  NF 
WB/UINF 

CP  T 
CP 

THETA 

UB/U I NF 
VB/U I NF 
I R / U I  ff 

C P  

THETA 
CPT 

1 e 5  

1.0 

0 e5 

0.0 

- 0 . 5  

-1 .0 

-1.5 

r 
0.0 1.50  3.47 

3.02 
0.0 

-4.29 
0 e 3 6  

4.22 
7.0 

-0 - 0 9  
1.22 

- I  .97 
0.76 

-0 - 9 0  
32.3 

0.02 
1.04 

- 1  91 
1 . 2 1  

-0.32 
49.3 

0 . 0 1  
0.99 

- 1  e76 
1.17 

-0 - 4  0 
49.9 

0.89 
0.04 
0.84 

-0.87 
-0 m36 

43.5 

0.89 
0.03 
0.41 

-0 5 0  
-0 .47 

24.6 

0.82 
0.01 

- 0 . 1 7  
0.08 

-0.4 8 

2.33 
0. 75 

-0.24 
-3.17 

1. FF 
17 "5 

2.67 

-0.41 
0 e65 

-3.41 
3.52 
15. 1 

2.63 

-0 -67 
0.40 

-3.46 
3.23 
15.9 

2.15 
-0.04 
-0. 84 
-3.06 

21.6 
1.36 

-0.51 
I .58 

- 2.42 
-0.78 

-0.03 
31 .3 

-0.67 
1.15 

-1.08 
0.04 
38.6 

-0 58 
0. 90 

-0.24 
-0.51 

0.17 

-o.se 

6.0 41  e7 

0.61 
0.09 

-0.89 
-0.16 

55.6 
0.03 

0.71 
0 -06 

-0.45 
-0 - 9 2  

-0.08 
52.2 

0.73 
-0.05 
-0.95 
-0 5 2  
-0.08 

52.7 

0.73 
-0 .17 
-0.96 
-0 -46  

0 a 0 3  
53. I 

-0.30 
0 a77 

-0.90 
-0.44 

5 1 . 0  
0.08 

-0 .3 3 
0.7s 

-0.82 
-0 - 4 0  

0 .01  
48.5 

-0 30 
0.87 

-0.41 
-0 -76 

0 -03 
43.3 

U B / U I N F  

WR / b N   I F  
VB/U I NF 

CP 

THETA 
C P  1 

U B / U I  NF 
VB/U   INF  
WR/UNIF 

C P  
CP T 

THETA 

UD/U  INF 
VR/UINF 
WB/UN I F  

CP 
CP  T 

T H E T A  

U€J/UINF 
VB/U  INF 
WBIUNIF  

CP 
CPT 

THETA 

UB/U I NF 
V B / U I  NF 
WD/UN IF 

CP 

THETA 
C P  T 

UB /U I NF 
VR/U I NF 
WB/UNIF 

CP 
CPT 

THETA 

U R / U I N f  
V B l U I N F  
WB/U h 11 

CP 

T H E T A  
CPT 



TABLE B11.- Cont inued  

R= 7.99 D E L T A =  75 DEG 

X/D= 9.94 
z/D: 8.20 

U I h F =  21 - 4  W S E C  
P H I =  19.1 DEG 

x 
~ 

1.5 

1 .O 

0 . 5  

0 .O 

-0.5 

-1  .O 

-1.5 

0.0 2.65 5. 14 

1.09 
0.02 

- 0 . 6 9  
0.67 

-0 e06 
31.7 

-0.01 
0 .93  

-0.68 
0.83 

-0.12 
4 1  e9 

-0 . O 1  
0.97 

-0 e70 
0 . 8 8  

0 - 0 4  
42.3 

0.98 
0.12 

-0. e5 
0 .81  

- 0 . i l  
39.6  

0.93 
0 .O1 

-0 -50 
0 - 7 3  

-0. I 1  
38.3 

0 .56  
0 . 1 1  

-0 38 
0.55 

-0 - 1  4 
29.5 

0 - 9 6  
0.09 
0 . 4 1  

-0.25 
-0.16 

23.0 

1.61 

-0.22 
0.43 

-0.84 
0.98 
16.2 

0.36 
1 a66 

-0.27 
-1.10 

0 . 8 8  
14.4 

1.72 

-0 .38 
0.1 8 

-1.19 
0.95 
13.5 

1 e63 
0.10 

-0.43 
-1 - 2 3  

0.61 
15.0 

-0.18 
1.53 

-0.45 
- 1  .IO 

0.47 
17.9 

-0 .30 
1.39 

-1.14 
-0.34 

0 .O 
18.7 

-0.36 
1.22 

-0.31 
-0.70 

0.01 
22. I 

0.91 

-0 52 
0.11 

-0. 0 7  
0.05 
30.4 

0.83 
0 .  04 

-0.58 
0.0 

35.3 
0.03 

0.93 

-0.55 
0.0 

-0.12 
0.04 
30.5 

1 e06 
0.09 

-0.49 
-0.37 

25.5 
0.01 

-0.15 
0.95 

-0.52 
-0.14 
0.06 
29.1 

-0.06 
I . 01 

-0.48 
-0.25 

25 0 3  
0.0 

-0.09 
I .  02 

-0.46 
-0.22 

0.04 
24 - 4  

~~ ~ 

U B / U I  N 
V B / U I N F  

C P  
CP  T 

THETA 

UB/U I NF 
V B / U I  NF 
W / U I  N 

C P  

THETA 
C P T  

W/Ul  FF 
VR/U I NF 
YB/Ul  N 

CP 
C PT 

THETA 

UB/U I NF 
V B / U I  NF 
UB/U I NF 

C P  

T H E T A  
C P T  

U B / U I  NF 
V B / U   I N F  
Y B / U I  M 

CP 
CPT 

THE TA 

U B / U I  Nf 
V B / U I  NF 
Y R / U I N F  

C P  
CP T 

T H E T A  

UB /UI NF 
VB/U 1 NF 
YB/U I  w 

CP 
CPT 

THE TA 

n B / u  I NF 

R =  8.00 D E L T A =  75 DEC 

X / D =  9.94 
Z/D= 8.20 

U  INF=  38 m3 M/SEC 
P H I =  19.1 DEG 

Y O / C  

I .5 

1.0 

0 e 5  

0.0 

-0.5 

- 1 . 0  

-1 .5  

'I 0.0 2.66  5.16 

- 0 . 0 1  
1 . 1 4  

-0.74 
0 e 6 9  

0.05 
31.3 

1.06 
0.02 

- 0 . 8 4  
0.80 

-0 - 0 7  
36.8 

1 .oo 
0.0 

-0.81 
0.91 

0.02 
42.4 

0 -04 
0.95 

-0.77 
0.85 

-0.12 
41.8 

-0.08 
0.95 

-0.57 
0 -76  

-0.08 
39.2 

0.97 
0.02 

-0.39 
0 e58 

-0 .1 I 
30.8 

0 e 0 6  
0.96 

-0.22 
0.4 I 

-0.13 
23.3 

1 e64 

-0.22 
0.41 

- 1  . O 1  
0.92 
15.3 

0.29 
1.74 

-1.07 
-0.31 

1.17 
13.3 

I .6a 
0.25 

-1 .06 
-0 37 

14 e5 
1.00 

0 - 0 9  
l o 6 5  

-0.45 
-1.13 

0.85 
15.4 

-0 .18 
1.52 

- I .  08 
-0.43 

0.47 
17.3 

1.36 
-0.31 
-0.38 
-0 .91 

20.4 
Om 19 

-0.39 
1.18 

- 0.59 
-0 34 

24.3 
0.08 

0.10 
0 -93 

-0 m 54 
-0 - 1  3 

0.05 
30.7 

0 e06 
0.90 

-0.12 
-0.5 7 

0.02 
32.5 

0.96 

-0.55 
0.0 

-0.22 
0 . 0 5  
29.1 

-0 -03 
1.01 

-0.52 
-0.29 

0.01 
27.2 

- 0 . 1 4  
0.98 

-0.19 
-0.52 

28.7 
0 - 0 6  

0.99 
-0.1 1 
-0.49 
-0.22 
0.02 
26.6 

-0.13 
0.98 

-0 -46  
-0.21 
-0 .o 1 

25.6 

U B / U   I N F  
VB/U I NF 
Wt l /UNIF 

C P T  
CP 

THETA 

V O / U I N F  
U B / U I N F  

WB/UFIIF 
C P  

THETA 
CPT 

U B / U   I N F  

YB/UN IF 
V B / U I N F  

CP 

T H E T A  
C P T  

u B / U I N F  
V B / U   I N F  
WR/UNIF 

C P  

THE TA 
C PT 

UB/U I NF 

WB/UN I F  
V B / U I N F  

C P  

T H E T A  
C P T  

U e / U I W  
VB/U INF 
Y B / U N I F  

C P  
C P T  

THETA 

UB/U I NF 
V B / U I   N F  
YB/UN IF 

C P T  
CP 

THETA 
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TABLE B11 .- Continued 

R =  7 .99  DELTA= 7 5  DEG 

X/D= 19 .97  UINF= 38.0 w s E c  
Z/- 11.50 PHI= 17.0 DEC 

1.5 

1 .O 

0 .s 

0.0 

-0 .5  

-1  .O 

-1.5 

0 .O 3.42  7.02 

0 001 
1.11 

-0 036 
0.37 

0.02 
18.0 

-0 .03  
1 e 0 6  

- 0 . 3 3  
0 .44  

- 0 . 0 1  
2 3 . 1  

-0 - 0 3  
1 - 1 7  

-0 049 
0 .47  

0 .10  
22.4 

- 0 . 0 8  
1.11 

-0 .42  
0 050 

0 -06 
2 5 . 2  

-0 .02  
1 .06  

-0 -4  1 
0 a47 

-0.04 
2 4 . 4  

-0 - 0 5  
1.12 

0 - 4 1  

0 e 0 5  
2 0 . 0  

-0.04 
1.06 

-0 - 2 4  
0 .35  

0.0 
18.9 

-0.38 

1.26 

- 0 . 3 6  
0.28 

-0  37  
0.43 
19.9 

0.19 
1.28 

-0.38 
-0.39 

0.44 
18.4 

1.37 

-0.4 1 
0.15 

-0.55 
0.54 
17.6 

1.33 
0.07 

-0 042 
-0.48 

0.48 
17.8 

0.02 
1.33 

-0.46 
-0.41 

0 . 5 9  
19.1 

-0.00 
1.38 

-0 - 4  3 
-0.54 
0 - 5 6  
17.5 

-0.1 5 
1.29 

-0.40 
-0.43 

0.43 
18 - 4  

0 m06 
0.92 

-0 42 
0.0 
0.04 
25.5 

0.93 
0. 03 

-0 -42  
-0.02 

0 .03  
24.6 

0 . 9 8  

-0 .42  
0 .O1 

-0.08 
0.06 
23.4 

-0 .01  
0.97 

-0.08 
-0 .41 

0.03 
23.2 

-0.02 
0.95  

-0 .42 
- 0 . 0 6  

0.02 
23.8 

-0 05 
0 .98  

- 0 . 4 1  
-0. 0 8  

0 . 0 5  
22 e 6  

-0 06 
0.98 

-0 .40  
-0.10 

0 . 0 3  
21.9  

V B / U   I N F  
W / U I  NF 

re/u I N= 
C P  
CPT 
THETA 

U B / U   I N F  
VB/U I  NF 
Y B / U I N F  

CP 
C P T  
T H E T A  

V B / U   I N F  
l B / U I  M= 

YB/U I ff 

CPT 
CP 

THETA 

U B / U I N F  
VB/U I  M= 
WB/U I NF 

C P  
C P T  
T H E T A  

U B / U I N F  

U B / U I  NF 
v w u  I NF 

CP 
CPT 
THE TA 

U B / U  I NF 
VB/U I w 
Y B / U I N F  

C P  
CP T 
T H E T A  

UB/U I NF 
VB/U INF 
WB/UI NF 

C P T  
CP 
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TABLE B11.- Continued 

R =  8 .02  DELTA= 75 DEC 

x / *  3.95 
Z/D= 4.93 

U  INF=  38.5  WSEC 
PHI=  39.1 DEG 

x - 
1.5 

1.0 

0 05 

0 . 0  

-0.5 

-1.0 

-1.5 

0.0 1.46  1.69  3.39 

2 - 6 3  
0.02 

-3 - 7 6  
0 a46 

2.56 
10.0 

-0 e07 
1.04 

-1.75 
0 .57  

-0 72 
43.2 

-0.02 
1.02 

1.25 
-2 05 
-0.42 

50  e9 

0 - 0 3  
Oat36 

- 1  - 6 7  
1.20 

-0.48 
5 4 . 3  

0 .A7 

0.80 
0.04 

-0.49 
-0.90 

42.4 

-0 . O 1  
0 . R 2  

-0 - 3 1  
0.42 

-0.46 
27.3 

-0 .02  
0.81 

-0.19 
0 e09 

-0.51 

2.68 
0.73 

-3.44 
0.08 

3.50 
14.1 

2.74 
0 e60 

-3.55 
-0.17 

3.53 
11.6 

2.77 
0.35  

-0.44 
-3 69 

3.51 
10.8 

-0.1 2 
i. 3 7  

-3.42 
-0 .55  

1.66 
13.6 

-0.60 
1 m 6 9  

-0.54 
- 2 0 5 0  

26.4 
0.04 

1.1 1 

-0.4 1 
-0  e92 

0.01 
37. 8 

-0.53 
Om93 

-0.72 

0.68 
2.12 

-0.27 
-2 e92 

1.17 
18.0 

2.53 
0 - 6 7  

-3.30 
-0.40 

2.86 
16.2 

2 .56  
0.37 

-0.6 1 
-3 - 6 5  

2.58 
15.1 

-0.05 
2.23 

-3.33 
-0.78 

1.36 
19.5  

-0 6 7  
1.36 

-0. e2 
-1 .97 

38.5 
0.03 

-0 70 
1. OR 

-0.61 
-0 97 

0.07 
4 1 . 5  

-0 .53 
0.91 

-0 .25  
4 . 5 2  

0.13 

0.72 

CP -0.28 
CPT -0 .05  

VB/UINF 0.10 
WB/UI N -0 .84 

UB/UINF 

49.8 

CPT -0.01 

YB/UINF -0.90 
CP -0.43 

UB/UI M 0.78 
VB/UINF 0.06 

THETA 

49.3 THETA 

0.85  UBIUINF 
-0.10 

CPT -0.08 
-0.61 

WB/UI K -0.89 
VWUINF 

CP 

46.3 

CP -0.47 
WWUINF -0.92 

UB/UI M 0 .  80 
VBIUINF -0.18 

THETA 

0.05 
THETA 49.4 
CPT 

-0.30 

CP -0.37 
WB/UINF - 0 . 9 0  

UB/UINF 0.78 
VB/UINF 

50.4 THETA 
0.16 CPT 

-0.30 
WB/UINF -0.80 

CP -0 .31  

UB/UI NF 0.81 
VB/UINF 

0.08 

UB/UINF 0.85  
VB/UINF -0 .29  

THETA 46.8 
CPT 

-0.74 
CP -a .28 

wB/UINF 

0.11 0.08 CPT 
6.9  36.1  40.1  43.3 THETA 

ta 



TABLE B11 .- Concluded 

R= 7 . 9 9  DELTA= 7 5  DEG 

X/D= 10.07 
z/D= 8.20 

UIhF= 31 e9 W S E C  
PkI=  19.1 DEG 

x - 
1.5 

1 .O 

0.5 

0 .O 

-0 .5 

-1.0 

-1  05 

-4 .93 -2.25 0 . 0  0 .0  2.65 5.13 

-0 .OS 
0 . 9 5  

-0.56 
-0.13 
0 -09 
31.9  

0 - 9 0  
0.0 

-0 .58 
-0 .15 
0.01 
33.7 

0 0 9 8  
0 - 0 5  

-0.55 
-0.2 1 

0 007 
29.7 

0.15 
1 . O 1  

-0 .53  
-0 .29  
0.03 
27.6 

0 . 9 6  

-0.54 
0.15 

-0.19 
0 e 0 5  
29.1 

0.22  
0 .99  

-0.21 
-0.48 

26.0 
0 .06  

0 023 
1 D O Q  

-0 .45  
-0 .21  

0.06  0 ; o s  
24.5 20.3 

-0 .41  
1.73 

-0.19 
-0 .89  

1.34 
19 .3  

-0.28 
1.82 

-0.24 
-1.26 

1.22 
15.4 

-0.13 
1.83 

-1 .31 
-0.27 

1.17 
12.2 

0.02 
1.70 

-0.28 
-1.37 
0.61 
10.3 

1.54 

-0.35 
0.24 

-1.13 
0.44 
13.2 

1.32 

-0.23 
0.40 

-0.92 
0.05 
15.2 

1.13 

-0.18 
0.49 

-0 .48  

1. 16 
0.01 

-0 .79  
0.64 

-0.02 
2 9 . 0  

-0.01 
1 .02 

0 .80  
-0.75 
-0 .07 

38.3 

-0.01 
0.99 

-0.82 
0.87 

-0 e07 
41.3 

-0. 04 
0 .97  

0.81 

-0.21 
-0 .80 

40 m 3  

-0.04 
0.96 

-0 58 
0.70  

-0.16 
36.4 

0 .97  
0. 0 
0 -55 

-0 4 6  
-0.23 
29 08 

0.01 
0.55 

-0 .23  
0.40 

-0.17 
23.2 

-0 .  O b  
1.17 

-0 .85 
0 m62 

-0 .09  
28.5 

0.02 
1 .OO 

-0 76 
0.79  

-0.15 
38.3 

-0 .04  
0.99 

-0.73 
0.89  

0.0b 
42.2 

1 a03 
0.07 
0.79 

-0.20 
-0 .89 

37.3 

0.02 
0.96 

- 0 . 5 5  
0.72 

-0.11 
37.0 

0.94 

0 -58 
0.10 

-0.12 
-0.36 

3 1  -5 

0.99 
0.07 

-0 .26  
0.38 

-0.12 
20.8 

1 e 6 7  
0.43  

-0 .96  
-0.25 

1.07 
15.8 

1.68 

- 0.28 
0.34 

-1.11 
0.94 
14.1 

I .  72 

-0 30 
0.19 

- 1.30 
0 .81  
11.2 

0.03 
1.63 

- 0.40 
-1 24 

0 . 5 8  
13.9 

-0.21 
1.39 

- 1 . 0 7  
-0 43 

0.09 
19.5 

-0.32 
1.31 

-0.37 
-0 92 

21.2 
0.03 

- 0 . 4 2  
1.15 

- 0 . 5 8  
-0.31 

0.01 
25.1 

0 .92  

-0 53 
0.10 

-0.09 
0.05 
30 e 8  

0 .85  
0.05 

- 0 . 5 8  
- 0 . 0 8  
-0.02 
34.5 

0.97 
-0.03 
-0 .56  
-0.20 

0 . 0 6  
3 0  .O 

-0.01 
0 .94  

-0.56 
- 0  e 24 
- 0  04 

30.6 

-0.12 
0.96 

-0  53 
- 0 . 1 7  

0 . 0 5  
29 e 5  

-0 .10 
0.99 

-0 .51  
-0.22 

27.4 
0.02 

-0.13 
0.99 

-0  47 
-0.21 

(i.01 
25.8 

U B / U I N F  

YB/V I N F  
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CPT 
THETA 

U B / U I  NF 
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V W U I N F  

CP 
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THETA 
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CP 
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THETA 
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CP 
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THETA 

V B / U I  NF 
V B / U I N F  
WB/UINF 

CP 
CP T 
THETA 
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CP 
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TABLE B12.- TABULATED VALUES OF CROSS-SECTION VELOCITIES 

AND PRESSURES FOR R = 8 AND DELTA = goo 

R= 7.95 DELTA= 90 DEG 

Z/D= 6.56 
X/D= 3.96 U I h F =  21.2  M/SEC 

P H I =  35.0 DEG 

- 
I .5 

1 .O 

0.5 

0 . 0  

-0.5 

-1 .O 

-1.5 

-0.23 1.88 3.95 

-0.21 
1.17 

-1.27 
0 m49 

-0 - 6 2  
25 .4  

- 0  30 
0.98 

O.Cl6 

-0.73 
-1.53 

43 m 6  

-0 -07  
I .28 

-2.27 
0.90 

-0.82 
35.6 

0.14 
1 .OO 

1.13  

-0.55 
-1  e86 

4 8  -3  

0.35 
0.93 

-1.33 
1.03 

-0 e28 
48.6 

0.97 
0.29 

-0.90 
0.74 

-0.32 
38.3 

0.91 
0 - 2 7  

-0.34 
0.45 

1.86 
0.60 

-1.32 
-0.03 

0.90 
16.8 

2 . 0 0  
0.48 

-0.26 
-2.33 

0.99 
14.4 

1.93 
0.33 

-2.54 
-0.23 

0.38 
I 1  .o 

0.15 
1.88 

-0.46 
-2.73 

0.03 
14.1 

-0.29 
1.69 

-0.48 
-2.61 
-0.45 

18.9 

-0.5 7 
1.31 

-0.53 

-0.36 
31 e3 

-0.70 
1-13  

-0.37 
- 1  .oo 

-1 - 6 8  

-0.10 
35.9 

0.72 
0 .  16 

-0.79 
-0.16 

48.0 
0.01 

0.78 
0.10 

- 0 . 8 5  
-0 27 
0.06 
47.6 

0.79 
0.0 

-0.88 
-U 42 
-0 03 
47.9 

0.87 
-0.13 
-0 .66  

- 0 . 8 0  
-1 .01  

37.9 

-0 17 
0.82 

-0.42 
-0.89 

0 . 0 8  
47.7 

-0.23 
0.82 

-0.84 
-0 35 

0.09 
46 e6 

-0.34 
0. E5 

-0.28 
-0.78 

0.16 
44.9 

-0.23 
28.6 " _  

U B / U  I NF 
m/u1 NF 
Y B / U  I NF 

CP 

THETA 
C P T  

U B / U  I NF 

WB/UI N 
VB/U I NF 

CP 

THETA 
C P T  

U R / U I  ff 
V B / U I  NF 
WB/U I MF 

CP 

T H E T A  
CP T 

UR/U I NF 
V B / U  I Nf 
YB / U I  NF 

CP 

THETA 
CPT 

U R / U I  N 
VB/U I NF 
Y B / U I N F  

C P  

T H E T A  
CPT 

U B / U I  NF 
VB/U 1 NF 

C P  
CPT 

THETA 

VB/U  INF 
M / U I  NF 

Y B / U  I NF 
C P  

THETA 
CPT 

u e / u I  NF 

R= 7.98 D E L T A =  90 DEG 

X / D =  3.95 
Z/D= 6.56 

U I N F =  38.0 t.I/SEC 
P H I =  35.0 DEG 

1 .5  

1.0 

0.5 

0.0 

-0 e5 

-1.0 

-1.5 

0 .o I .88 3.95 

-0.02 
1 e 0 5  

- I  .37 
0.57 

-0.93 
28.6 

0 - 0 9  
0.85 

- 1.35 
1 . 0 2  

-0.59 
50.1 

-0 05 
1 . 0 2  

-1.98 
1 e 1 5  

- 0 .61  
48.6 

-0 e 0 3  
0.71 

- 1  e60 
1 . 1 8  

-0  e69 
59.2 

0.84 
0.03 

-1 .38 
1.09 

-0.47 
52.3 

0 .o I 
0.76 

-0.57 
0.90 

-0 . I  7 
49.8 

0.78 
0.03 

-0.38 
0 a 5 7  

-0.43 
36. I 

1.99 

- 0 . 0 5  
0.62 

-2.13 
1.27 
16.4 

0.52 
1.82 

-2.13 
-0.23 

0.55 
16.5 

2.08 
0.31 

-0.3€ 
-2.77 

0 . 8 5  
12.3 

0.05 
1.90 

-2.65 
-0 .47 

0.22 
13.9 

-0.27 
I .75 

-0.46 

-0.21 
-2.59 

17 -6  

-0.57 
1.41 

-1.92 
-0.50 

-0.34 
29.2 

- 0.68 
1.13 

- 0 . 4 3  
-0.99 - 0.04 

36.3 

0.73 

-0.82 
0.14 

- 0 . 1 8  
0 .U6 
49.0 

0 .12  
0.84 

-0.48 
-u .8L 
-0 .O 7 

44.8 

-0.02 
0.83 

-0.8s 

-0.03 
-0 -5 1 

47.1- 

-0.11 
0.81 

-0.54 
-0.89 

-0.09 
47.9 

-0 -26 
0 e83 

-0.90 
-0 -48  

0.09 
48.3 

-0.28 
0.87 

-0.82 
-0 .43 

44.7 
0.09 

-0.31 
0.90 

-0 76 
-0 -42 

42.1 
0.06 

U B / U I N F  
V B / U   I N F  
WB/UNIF 

C P  

THE TA 
C PT 

U B / I I I N F  

WB/UN I F  

C P T  
C P  

T H E T A  

U B / U I N F  
V B / U  1 NF 
W B / U N I F  

CP 

THETA 
C P T  

U B / U I N F  
V B / U I N F  
U W U N   I F  

C P  

T H E T A  
C P  T 

U B / U I N F  
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U B / U N I F  

C P T  
CP 

THETA 
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V B / U I N F  
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C P  
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U B / U   I N F  
V B / U  I NF 
YB / U N   I F  

CP 

THETA 
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TABLE B12.- 

R =  8.00 D E L T A =  90 DEG 

X/D= 19.96 
Z/D= 1.75 

U I h F =  38 e1 W S E C  
P H I =  15.7 DEG 

1.5 

1.0 

0.5 

0 .O 

-0 .5 

- I  .o 

-1 -5 

0.0 2.74  5.40 

- 0  05 
1.12 

-0 46 
0.43 

-0 .O 1 
21.8 

0 .o 
1.09 

-0 50 
0.45 

-0.10 
22.5 

-0.02 
1 .OO 

-0.28 
0 -51 

-0 .O 1 
27. I 

-0.02 
1.03 

-0.37 
0.44 

-0.10 
23.3 

-0.03 
1.02 

-0.27 
0.43 

-0.04 
23.5 

-0 - 0 5  
1.02 

-0.2 1 
0.37 

-0.04 
20.8 

-0 -03 
0.98 

-0.15 
0 -29 

-0.10 
17.2 

1.13 
0.2 1 

-0.14 

-0.25 
-0.59 

12.1 

1.14 
0.08 
-0.20 
- 0  -56 
-0.22 
10.6 

-0 .05 
1.16 

-0.57 
-0.17 

-0.18 
8.4. 

-0.1 2 
1.14 

"0.17 
-0.40 
-0.04 
10.8 

-0.16 
1.15 

-0.15 
-0.44 
-0.06 

1 1  0 6  

-0.16 
1.17 

-0.19 
-0.33 
0.1 0 
12.6 

-0.19 
1.23 

-0.17 
-0.42 
0.1 7 
12.1 

0.99 
0.14 

-0 44 
-0.15 

25 -8  
0. 06 

1 03' 

-0.45 
0.04 

-0.18 
0.10 
23.9 

1.02 
0.0 

-0 46 
-0.19 
0.07 
24.3 

1.10 
-0 05 
-0.35 

-0 05 
-0 40 

17.7 

-0 07 
1 .02 

-0 45 
-0.17 
0.09 
23 m 6  

-0.12 
1.01 

-0.43 
-0 14 

0 . 0 8  
23.3 

-0.12 
1 02 

-0.42 
-0. 15 

22 e5 
0.08 

U B / U I N F  

YB / V I   N F  
V B / U I N  

C P  

T H E T A  
C P T  

u B / U I  NF 
VB/U I NF 
Y B / U I  K 

C P  
C P T  

THETA 

UB/U I NF 
V B / U I   N F  
WB/U I NF 

CP 

T H E T A  
C P T  

U B / U I  NF 
VB/U I NF 
Y B / U I  K 

CP 

THETA 
C P T  

U B / U I  NF 
YB /UI N 
Y B / U  I NF 

C P  
C P T  

T H E T A  

U B / U I N F  
VB/U I NF 
U B / U I  NF 

CP 
CP T 

THETA 

U B / U  I NF 
V B / U  1 W 
YB/U I NF 

C P  

T H E T A  
CP T 

Cont inued  

R =  8.00  D E L T A =  90 D F G  

X/D= 19.95 
Z/D= 14.00 

U I N F -  38.1 M/SEC 
P H I =  15.7 D E G  

1.5 

1 a 0  

0.5 

0.0 

- 0 . 5  

-1 .O 

- 1  .5 

0 .o 2 -74 5.40 

0.05 
1.05 

-0 a25 
0.08 

-0.13 
4.2 

-0.01 
1.02 

-0 32 
0.21 

-0 -23 
12.0 

-0 .o 1 
1.07 

-0.34 
0.31 

-0  09 
16.6 

-0.02 
0.97 

-0.26 
0.38 

-0  e 1 6  
21.7 

-0.01 
1 e07 

-0.4 1 
0.42 

-0.10 
21.8 

-0 .o 1 
1 e09 

-0.42 
0.45 

-0.02 
22.8 

-0.05 
1.04 

0.44 

0 -27 
0.. 9 8 

-0.16 
-0.16 

-0.09 
17.0 

1 .os 
-0.19 
0.25 

- 0.28 
-0.08 
16 -0 

1.10 

-0.14 
0.24 

-0.42 
-0.12 
13.7 

0.23 
I .07 

- 0.43 -0.20 

-0.19 
15  a3 

1.12 

-0.19 
0.16 

-0 e51 
-0.20 
12.1 

0.12 
1.10 

-0.19 

-0 24 
-0.51 

11.1 

0.03 
1.17 

-0.21 
-0.57 
-0.15 

0.95 

-0 -36 
0 . 1 8  

-0.01 
0 e05 
24.0 

1.01 
0.1 5 

-0.35 
-0.11 
0.06 
21.3 

1 e03 
0.15 

-0.14 
-0.39 

0 e09 
22.6 

0.14 
1 e 0 4  

-0.27 
-0.34 

-0.05 
20.3 

1 .OO 

-0.44 
0.1 1 

-0.16 
0 e 0 4  
24.8 

1.02 

-0.45 
0.08 

-0.20 

24.4 
0 e 0 5  

0 a 0 3  
1 e04 

-0 e 46 
-0.39  -0.22 
-0.11 
23.5  10.1 

0.07 
24.3 

u R / U I  NF 
VB/U INF 
W R / U N I F  

CP 
CP T 

THETA 

ua/u I PIF: 

b B / U N   I F  
V D / U I  K 

CP 
CP T 

T H E T A  

U B / U I  NF 
VB/U  INF  
YB/UN I F  

C P  
CP T 

THETA 

U B / U  I td 
VB / U  I NF 
WB/UN I F  

C P  

T H t T A  
C P T  

U H / U t N F  
V R / U  INF 
WD/UNIF 

CP 

THETA 
C PT 

U B / U  I NI 

YB/UN I I  
V O / U I N f  

CP 

T H E T A  
C P T  

U R / U I N I  
V R / U  I NI 
WB/UNIf 

CP 

THETA 
C P T  



TABLE B12 .- Concluded 

R =  8 . C O  DELTA= 90 DEG 

Z/D= 5.72 
X/% 9.60 U I  hF= 37.9  WSEC 

PHI=  22.4 DEG x 
1.5 

1.0 

0.5 

0.0 

-0.5 

- 1  .O 

-1.5 

-0 .16  
0.97 

-0.59 
-0 .21  

0 . 1 0  
34.6 

-0.13 
0 .99  

-0 .57  
-0.37 
-0.04 

32 .9  

-0 - 0 6  
1 .OO 

-0.36 
-0 - 6 3  

0.04 
33.7 

-0 03 
0 . 9 9  

-0.64 
-0 e34 

0 .07  
34.0  

0 . S 8  
0 - 0 6  

-0.63 
-0 .30  
-0 .o I 
33.0 

0.99  
0 . 0 9  

-0 .61  
-0.37 

0 . 0 1  
31 .9  

0.94 

-0 .60  
0 . 2 1  

-0 .29  
0 .O 
32.3  

- 0.35 
I .34 

-0.31 
-0.89 

23.3 
0.13 

1.38 
-0.34 
-0.36 
-0.95 

0.2 1 
23.4 

-0.21 
1 e 3 7  

-0.99 
-0.38 

0 .08  
20.5 

1.42 
-0.13 

-1.01 
- 0 . 3 7  

0.17 
17.8 

0.07 
1.51 

-1.13 
-0.39 

0 - 3 2  
14.6 

1.46 

-0.35 
0.1 7 

-1.10 
0.2 1 
13.5 

0 - 3 4  
1.28 

-0.89 
-0.36 

0.02 
18.3 

-0.02 
1 . O 1  

0 . 5 0  
-0.58 
-0.31 

2 6 . 9  

-0.01 
I .  01 

-0.76 
Om 68 

-0.28 
34.1 

-0.07 
1.01 

0 -77 

-0.21 
-0.83 

37.5 

0 .98  
0 . 0  

-0.82 
0.78 

-0.25 
38.4 

-0.05 
0.99 

-0.83 
0.77 

-0.24 
38.4 

0.93 
0 . 0  

-0 - 6 1  
0. 7 0  

-0 rn 24 
37 .1  

-0 03 
0.95 

-0.4 I 
0 . 5 8  

-0 16 
3 1  e 8  

1 e26 

- 0 . 2 7  
4.42 

-0.79 

20.9 
0.06 

0 - 3 3  
1.34 

-0.93 
-0  27 

0 - 0 6  
17.0 

1.39 
0.22 

-0 35 
-1.10 

0 .02  
16.0 

1.50 
0 . 1 1  

-1 .19  
-0.29 

0.17 
L 1.4 

-0.07 
1.48 

-1.12 
-0.38 

0.23 
14.8 

1.47 
-0.16 
-0.32 
- 1 . 1 1  

0.19 
14.2 

-0.31 
1.33 

-0 35 
-0.90 

0.11 
19.7 

0.92 

WB/UINF -0 .56  
VB/UINF 0.19 
UWUINF 

-0.15 CP 
0.06 CPT 
33.0 THETA 

0.94 

WWUINF -0.58 
CP - 0 . 2 4  

VB/UINF 0.14 
UB/UI NF 

0 .01  
THETA 32.6 
CPT 

0.97 
VB/UINF 0.08 
UB/UINF 

-0 .62  
CP -0.31 

YB/UINF 

32.8 
CPT 0 .03  
THETA 

0.96 

WB/UI NF -0.63 
VB/UINF 0.03 
UB/UINF 

-0 .30  CP 
0.04 

UWUINF 0'.90 
VO/UI NF -0 .07  

THETA 33.5 
CPT 

CP -0.24 
~ B / U I N F  -0.64 

0 .0  CPT 
35.6  THETA 

0 .97  

WB/UINF -0.62 

UB/UI NF 
-0.013 VB/UINF 

-0.32 CP 
0 . 0 2  

0 e94 

THETA 32.7 
CPT 

WB/UINF -0.59 
CP - 0 . 2 7  

UWUINF 
-0 .  19 VB/UIN= 

0 . 0  
THETA 33.0 
CP T 

x 
W 

W 
W 
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(a)  symmetry plane  velocity  plot  locating  cross  sections of measurement. 

Figure B12.- Cross-section  velocities  for R = 8 and DELTA = goo. 
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TABLE B13.- TABULATED  VALUES OF CROSS-SECTION  VELOCITIES 

AND PRESSURES FOR R = 8 

R= 8.02 DELTA= 105 OEG 

X/D= 2.95 
Z/D= 7.50 

U I N F =  38.2 M/SEC 
P H I =  33.0 DEG 

x 
1.5 

1 .O 

0 .5  

0 .O 

-0 .5 

- I  .O 

-1.5 

0 .o 4.42  4.42 

-0.10 
0.54 

-0 -68 
0.77 

-0.78 
55.5 

0.75 
0 .O 

-1 63 
0.88 

-1 e29 
49.4 

-0 e 0 4  
0.92 

-2.21 
0.93 

-1.49 
45.4 

0.75 
0.03 

-1. el 
1.1s 

-0.90 
56.9 

0.79 
0.0 

-1 -67 
1.13 

-0 .75  
55.3 

0.77 
0.15 

- 1  -3 1 
0 -92 

-0.85 
50.1 

0.81 
0.02 
0.79 

-0.29 
-0 -57 

44 .O 

0.73 
0.2 I 

-0.76 
-0.17 
-0.02 
47.5 

0.80 

-0.83 
0.17 

-0.36 

46.9 
0.0 

0.89 

-0.83 
0.08 

-0 -57 
-0.09 
43.2 

-0.08 
0.81 

-0.90 
-0.45 

47.9 
0.04 

-0.14 
0.84 

-0.90 
-0.48 

0 . 0 5  
47. I 

0.86 
-0.25 
-0.84 
-0.42 
0.09 
45.2 

-0.27 
0 .85  

-0.8 1 
-0.39 

45.2 
0.07 

0.21 
0.73 

-0.17 
-0.76 

-0.02 
47.5 

0.80 

-0 83 
0.17 

-0 36 

46 e 9  
0.0 

0.89 

-0.83 
0 . 0 8  

-0.57 
-0 09 
43.2 

-0.08 
0.81 

-0.90 
-0.45 

47.9 
0.04 

-0. 14 
0.84 

-0.90 
-0 48 

0.05 
47.1 

-0 .25  
0 .  a6 

-0 84 
-0.42 
0.09 
45.2 

-0.27 
0 . 8 5  

-0.81 
-0 39 
0.07 
45.2 

U B / U l   N F  
VB/U I NF 
YB/U I NF 

C P  

THETA 
C P T  

U B / U  I NF 

U B / U   I N F  
V B / U I N F  

C P  

THETA 
C P T  

V B / U   I N F  
UB /u1 w 
WB/UI N 

C P  
CPT 

THE  TA 

UB/U I N 
V B / U I  NF 
YB/U I NF 

C P  
C P T  

T HET 4 

UB / U  I h(F 
VB/U I NF 
WB/UINF 

CP 
CPT 

THE TA 

U B / U I  NF 

YB/U I NF 
VB/UI NF 

C P T  
C P  

T H E 1  A 

UB/U I NF 
VB/U I NF 
WB/UI N 

CP 

THETA 
C P T  

AND DELTA = 1 05O 

R =  8 . 0 1  D E L T A =  105 D E G  

Z / D =  7.94 
X/D= 3.96 U I N F =  38.0 M / S E C  

P H I  = 28.0 DEti  

x 
1.5 

1.0 

0 e5 

0 . 0  

- 0 . 5  

-1 .0 

-1.5 

0.0 2.64  5.56 

-0.14 
0.82 

- 1  a15 
0 e78 

-0.83 
44.5 

0 -70 
0.06 

-1.37 
1.01 

-0.85 
55.0 

0.04 
0.97 

-2.02 
0.87 

- 1  e31 
41.9 

0 -67  
0.02 

-1  a14 
1.17 

-0.31 
60.0 

0.70 
0.17 

-0. E13 
1.10 

-0.10 
57.6 

-0.01 
0.61 

-0.55 
0.91 

-0.35 
56.3 

0.90 
0.08 

-0.57 
0.59 

-0 - 4 0  
33.1 

I e43 

-0.23 
0.45 

-0.15 
-1.47 

19 .o 
1.38 

-0.34 
0.38 

-1.54 
-0.35 
19.8 

1.51 

-0.39 
0.24 

- 1.85 
-0.33 
16.7 

0.08 
I .43 

- 0.43 
-1.76 
-0.52 
16.9 

-0.14 
1.31 

- 1 .  72 
-0 52 

-0.71 
22 -4 

-0.35 
1.13 

- 0.54 
- 0.79 - 1  a 5 0  

29.8 

-0.51 
1.06 

- 1. 0 s  
-0.53 

-0  38 
35.2 

0.84 
0.14 

-0 -65 
-0.15 
0.0 
38.8 

0. Be 
0 e06 

-0.67 
-0 e24 
-0.01 
37.7 

0 -92 
0.0 

-0  -68 

-0.02 
-0 e32 

36 e5 

0.91 
-0 -03 
-0.70 
-0 e31 
0.01 
37.8 

-0 I 09 
0 .89 

“0 a70 
-0.331 
-0.02 
38.0 

-0.13 
0.96 

-0.66 
-0 e35 
0.02 
34.8 

-0.17 
0.91 

-0 -65 
-0.20 

36.0 
0 e03 

U D / U  INF 
VR/U I NF 
WO / U N  I F  

C P  

T H E T A  

ULI /b INF 
VR/U  INF 
WB/UN I F 

C P  
CPT 

THE TA 

UB/U I Nf 
V O / U I  M 
WB/UN IF 

C P  

T H E T A  
C P T  

U B / U I N F  
VU/U  IN1  
WR/UNIf  

C P  

THE TA 
C P T  

U B / U  I NI 
V B / U I N I  
WB/UN II 

C P  
C P  T 

l H E T A  

u R / U I W  
V R / U I N I  
Y R / U N I I  

C P  
C PT 

THE TA 

UR/U  IN1 

WB/UN I 
VH / U  I NI 

C P  

T H E T A  
C P T  

cp r 

- 

m 

I 



TABLE B13. - Continued 

R= 8 - 0 0  DELTA= 105 DEG 

X/D= 7.99 U I h F =  38.1 M/SEC 
Z / D :  9.82 P H I =  23.0 DEG 

2.64 5. 44 i 

I 

1-5  

I .O 

0.5 

0.0 

-0.5 

-1 .O 

-1.5 

-0.05 
0 . 8 0  

-0 .79 
0.59 

-0 .80  
36.8 

-0 04 
0 085 

0.7 I 
-0 - 8 9  
-0 .65 

40 .1  

-0.10 
0 .F6 

-0.96 
0.65 

-0 -60  
34 .8  

- 0 . 0 5  
0 .¶7 

0 - 6 7  

-0  - 4 7  
35 .0  

-0.e6 

0.e7 
0 .O 

-0.61 
0.70 

-0.35 

! 0.91 

I 38.8 

~ 

-0 e09 

-0.48 
-0.25 

0 e b 3  

0.03 

35 .3  

-0.44 

0.S7 

-0.28 

0.47 

25.7 

0.27 
1.02 

-0.20 
-0.89 
-0.74 

17.8 

1.08 

-0.29 
0.18 

-0.97 

17.2 

0.12 
1.14 

-0.29 
- 0 . 9 8  
-0 .58 

15.5 

-0.01 
1.19 

-0.30 
-1  0 9  
-0 .58  

14.4 

1. IO 
-0 .os 
-0.22 
-0.95 
-0.69 

12.0 

-0.23 
1.17 

-0 32  
-0.91 
-0.39 

18.9 

1.06 
-0.34 
-0.32 
-0.63 
-0.27 

24.2 

-a.69 

0. A9 
0.20 

-0 .58  
-0.14 

0 .02  
35.1 

0.94 

-0 .60  
0.13 

-0.23 
0.03 
3 3  e 6  

0.08 
0.94 

-0.27 
-0.63 

0.02 
34.4 

0.96 

-0.61 
-0 .31  
-0 .0  1 

32 e 8  

0.93 

-0 63 
-0 06 

-0 29 
-0 .01  

34.2 

-0. 09 
0.98 

-0 6 2  
-0.34 

3 2   0 2  
0 .02  

0.94 
-0 16 

-0.28 
-0.58 

- 0 . 0 2  
32.1 

0.03 

U B / U I N F  

UB/U I NF 
VB / U t  NF 

THETA 

UB/UINF 
VB/U I NF 
WB/UI NF 

CPT 
CP 

THETA 

U B / U I  N 
V B / U I N F  
Y B / U I N F  

CP 

THETA 
CP T  

UB/U I NF 

UB/U1 NF 
VB/U I N 

CP 

THETA 
CPT 

U B / U I  NF 
VB/U  INF  
Y B / U I  N 

CP 

THE TA 
CPT 

U B / U   I N F  

U B / U I N F  
VB/U INF 

CP 

THETA 
C P T  

UB/UI  N 
V W U I N F  
WB/UI N 

C P  

THE TA 
CPT 

R =  8.00 DELTA= 105 DEG 

X / D =  20 .60  
Z/D= 13.49 

U I N F =  38.5 M/SEC 
P H I =  14.0 DEG 

0 e93 
0.0 
0.35 

-0 .34  
-0.33 

20.8 

0.91 
0 .o 

-0.30 
0 e39 

-0.33 
2 3 . 6  

-0 .03  
0 -96  

0.44 

-0 .24  
-0.35 

25.0 

-0.07 
0 .96  

-0 - 3 4  
0 . 3 9  

-0  e25 
23.4 

-0 .0  1 
0.99 

0.41 

-0 .14  
-0 .30  

22.9 

- 0   - 0 3  
0.94 

-0.20 
0 .40  

-0 .15  
23 .6  

0 .01  
1.03 

- 0 . 3 0  
0 . 3 3  

-0 .13  
18 .2  

0.98 
0.1 1 

-0 .38  
-0  09  
0.03 
23.0 

0.08 
1.02 

-0 .1  I 
-0.36 

0.07 
20.7 

0.06 
1 .OO 

-0 .37 
-0.12 

0.02 
21.3 

1.04 
0.01 

- 0 . 2 4  
-0.34 

-0 e04 
18.4 

-0 .02  
1 .OO 

-0.16 
-0.38 

-0 .01  
21  .O 

0.99 
-0.03 
- 0 . 3 9  
-0.13 

0.01 
21 - 4  

-0.05 
1 . O O  

-0 .12  
-0 e38 

0.03 
20 - 7  

0.98 

-0 33  
0.04 

-0 .02  
0 .OS 
20.7 

0.02 
1 . O O  

-0 .03 
-0 - 3 2  

0.08 
19.3 

1.01 

-0.33 
0.02 

-0 - 0 7  
0.07 
19.8 

0.01 
1 . O O  

-0 .04 
-0 -32 

0 -06 
19.4 

1 .oo 
-0.33 

0 . 0  

-0 e04 
0 e06 
19.5 

-0 .O 1 
1 .01 

-0.33 
-0 - 0 6  

0 . 0 8  
18.9 

1 .o r  
-0 .02 
-0 - 3 2  
-0 - 0 7  

0.04 
18.4 

J. 

0 .O 6.63  10.06 

U B / U I N F  
VB/U I NF 
WBIUNIF  

CP 

THETA 
CPT 

UB/U I hF 

WB/UN I F  
VB / U I  NF 

CP 

THETA 
C P T  

UR/U  INF  
VB/U I NF 
YB/UNIF  

CP 

THETA 
C P T  

V B / U I N F  
U B / U I W  

WB/UNIF 
C P  

THETA 
CPT 

U B / U   I N F  
V B / U I  M 
WB/UN I F  

CP 

THETA 
C P T  

U B / U I N F  
VB/U   INF  
YB/UNIF  

CP 
CP T 

THETA 

UB/U I NF 
V B / U I  NF 
WB/UN I F  

CP 

THETA 
C P T  



TABLE B13 .- Concluded 

R =  7 .99  D E L T A =  IO5 DEG 

Z/D= 10.47 
X/D= 10.82 UIhF= 30.3 W S E C  

P H I =  19.0 DEG 

- 6 . 2 1  -3.09 0 .0  2.95 4.03 6.05 

1.5 

1 .o 

0.5 

0.0 

-0.5 

- 1  .O 

-1.5 

- 0 . 1 1  
0.95 

-0.52 
-0 0 9  

3 2 . 3  
0 . 0 9  

0.97 
- 0 . 0 7  
- 0 . 5 2  
-0.14 

0 . 0 7  
30.6 

- 0 . 0 2  
1.01  

-0.23 
-0 - 5 1  

0 - 0 6  
2 8 . 4  

1 .03  

-0 -5 1 
0 . 0 1  

-0.22 
0.11 
2 7  a 8  

0 . S 8  

-0 .52 
0 - 0 5  

-0  19 
0.04 
2 8 . 7  

0.98 
0.10  

-0 . 51  
- 0 . 1 8  

0 .os 
27 .6  

0.98 

-0.48 
0 .ll 

-0 19 
0.01 
26.3 

-0.19 
0.97 

-0.29 
-0.66 
-0.59 
23.3 

-0. I O  
1.08 

-0.30 
-0 .73  
-0.45 

18.8 

-0.02 
1.02 

-0 33 
-0 .7 0 
-0.54 

19.1 

1.07 

-C. 38 
0.07 

-0 .70  
-0.39 

19.7 

0.1 1 
1.12 

-0.68 
-0.34 

-0.30 
17.1 

0.20 
1.09 

-0.33 

-0 .25  
-0.59 

17.5 

1.04 
0.26 
-0.33 
-0.45 
-0.19 

19.2 

-0. 04 
1.02 

-0 05 
0 . 5 2  

-0.53 
2 7  -4  

-0 .02 
0.86 

-0 64 
0.59 

-0 55 
34.5 

0.83 
0.02  

-0.45 
0 -72 

-0 23 
4 0 . 9  

-0.04 
0 . 9 0  

-0 49 
0.€3 

-0 .20  
35.6 

0.97  
0.03 
0.62 
-0.40 
-0.08 
32 -5 

0.0 
I . 00 
0.51  

-0 4b 
- 0 . 2 0  
26 e9 

0.01 
0.93 

-0 .25  
0.43 

- 0 . 2 0  
24.9 

0.97 
0.21 

-0.29 

-0.62 
-0.69 

20.1 

1.00 

-0 .24  
0.14 

-0 .78  
-0 a67 

15.1 

0 .01  
1.02 

-0 32 
-0.71 
-0.56 

17 e 3  

I .  11 
-0.03 
-0 .33  
-0 -65 
-0 .31 
16.6 

-0.13 
1.06 

-0.34 
-0.69 
-0 a 4 9  

19.0 

-0.16 
1 a 0 7  

-0.34 

-0.30 
-0.60 

19.5 

-0 27 
1.05 

-0.32 
-0.46 
-0 .18  

22.1 

1.11 
0.15 

- 0 . 4 1  
-0.67 
- 0 . 2 3  

21 .7  

1 .05  

-0.44 
0.12  

-0.56 
-0 24 
23.5 

1.11 

-0  43  
0.05 

-0.60 
-0.19 

21.5 

1.11 
-0 04 
-0.47 
-0.62 
- 0 . 1 7  
22.9 

- 0 . 1 0  
1 .03  

- 0 . 5 1  

- 0 . 1 1  
-0.45 

26 -6 

-0.17 
- 0 . 4 5  
-0 e47 
-0. I I 

24  - 4  

- 0 . 2 1  
I 04 

-0 e42 
-0.42 
- 0 . 1 1  
24.3 

1.06 

0 e 9 5  
0. I2 

-0.50 

-0.03 
-0.20 

29 r 4  

1.01 

-0  50 
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Figure B13 .- Cross-section velocities for R = 8 and DELTA = 105O. 
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X/D = 10.82 
Z/D = 10.47 

(b) Concluded. 

F i g u r e  B13 .- Concluded. 
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TABLE 1.- SCOPE OF PRESENT STUDY 

I I  1 I 

8 
8 
8 

45 
60 
75 
90 

105 
45 
613 
75 
90 

105 

Symmetry plane  cross  sections 
%.a I 

m/sec Vortex curve Centerline 

Numbera Measurementsb Numbera Measurementsb 

42 

49 7 35 5  38 
21 3 21 3 38 
42 6 42 6 42 
63 8 56 7 42 
35 5 28 4 42 
49 7 49 7 42 
35  5 21 3 

21 I 32,38 7 49 8 56 
21,32,38 9 70 11 

56 8 42 6 38 
84 

1 Totals . . . . . I 57 41 3  68  490 

aTota1 number of cross  sections. 
h o t a l  number of p o i n t s  a t  which  measurements  were  made. 

Extended 
cross 

sections 

Numbera 

3 
5 
5 
3 
5 
3 
5 
4 
3 
5 

41 

Measurementsb 

84 
154 
105 

84 
119 

63 
126 
175 
119 
126 

1155 . 



TABLE 11.- JET CENTERLINE LOCATIONS 

JET C € H T E R L I N E  R A & E  L U C A T I O H  J t l  C C h l C H L I N E  

a1 
42 

.a2 
4 2  

.a2 
a2 

42 
a1 

x a3 
x a2 

a2 
42 

40 

.4P 
az  

37 
37 

38 
37 
37 

38 

e21 
38 

.21 

x 21 

x 21 
x 21 

38 
21 

37 
38 

a 3 8  

7 .00  
9.88 

2.00 
4 .00  
4.01 
4.00 

2.00 
3.00 

0 .0  
On69 

10.00 
4.00 

2.00 

8.00 
a. oo 

1 .00  
10.00 

4.00 
2,so 

7 -00 

2. 30 
4.00 

10.00 
10.00 

0.0 

0.76 
0.60 

9.50 
0.00 

4.50 
3-30 

8.00 

Z I O  

4.44 
3.12 

2.50 
2.50 

5.67 
3.26 

3.42 
4.13 

1 .oo 
5.50 
1-68 

7.41 

6.00 
?.Ob 
6.8a 

5.38 
6.88 

3.81 
5,a4 
7.73 

5 .26  

11.90 
7.75 

11.90 

2.59 
1 .oo 
3.60 

10.31 
14 .01  

12.00 
12.84 
13-73 

[ D E G I  
P H I R  

15.0 
9.0 

39.0 
40.0 
40.0 
26.0 

39.0 
31.0 

41.7 

24.9 
65.1 

14.0 

32.0 
24.0 
16.0 

23.1 
27 r9 

93.0 
53.0 

33.0 

59.0 

27  .o 
45.0 

27 .O 

87.1 
66.6 
97.1 

25.0 
40.9 

43.1 
39.0 
26.0 

x / o  

9.90 
6.95 

2.01 
3.27 

3.94 
3.69 

2.00 
3.00 

0.13 
0.40 

9.98 
3.93 

2.1s 
5.9b 
7.bl 

bmbb 
9.92 

2.48 

6195 
3.9s 

la97 
3.95 
9.83 
9.99 

0 . 0 3  
6.18 
0.34 
4.15 
9.70 

Z/D 

4.34 
3.91 

2.09 
3.37 
3.64 
3.72 

3.02 
4.15 

2.25 
1100 

7.57 
5.64 

5.16 
7.15 
8.29 

5.64 
?rob  

¶.a9 
3.81  

7.81 

5.28 
7.80 

11.92 
12.23 

1 .OO 
2.77 
3.16 

l o e l 3  
13.58 

U C I  
U I H F  

1.61 
1.Ql 

3.56 

2.24 
2.09 

2.03 

2.66 
2.06 

4.05 
3.75 
1-30  
1.11 

I .a5 
1.20 
1.14 

2.84 
3.7Y 

5.52 

2.82 
(1.11 

4.74 
Z.15 
1.87 
1.53 

8 .08  
1 .90 
6.60 

1 ,20 
1.70 

1.23 
1.18 
1,09 

R m  4 , D E L T A =  45 OEG 

11.1 42 20.00 
1 3 . 1  

Rm 4 , DELTA. 6 0  DEG 

26.9 
35.4 

25. 1 
a42 10.00 
42 6.50 

.42 20.00 
z 4 ; o  

34.9 
28.0 

42 7.53 
42 10.00 

R. a , DELTA.  90 DES 

16.0 
62.6 1 4 1  10.00 

a2 10.00 

23.6 
13.9 

r42 20.00 

Rm 4 , DEL7A.105 DEG 

30.8 
22.6 
15.5 

42 7.99 
142 11.00 
42 10.91 

30.5 
Z4.8 

31 20.00 

Rm 8 DELTA= 60 DEG 

52.6 
41.6 
30.5 

38 20.00 13.09 
38 10.00 9 . 2 2  

59.1 
39.5 
24.4 
29.2 

R m  8 DELTA. 90 DES 

85.9 
18.1 

.21 9.50 14.01 
J-21 9.50 14.01 

12 .9  a31 9.50 14.01 
S6.3 38 9 .50  14.01 
23.9 

R 9  8 I DELTA.105 OEG 

36.9 
32.3 
26.4 

a 3 8  8.00 15.66 
a 3 8  11.00 15.05 
a38  10.98 15.78 

5.0 20.01 5,tlT 1.21 8.7 

19,O 6.51 4.84 1.51 11.1 
14.0 10.11 5 - 2 3  1.24 15.4 

1 . 0  20.06 6-99 1.11 8.T 

18.0 1 . 5 3  5.87 l . l>  16.1 
13.9 9.99 bab9 1.08 13.5 

24.0 9.91 9.43 2.02 24.9 
15.0 20.04 12.95 1.37 16.5 

25.0 9.64 13.70 1.19 24.0 
25.0 9.80 13.56 1.21 23.8 
25.0 9.78 13.41 1.21 25.8 
25.0 9.b) 13.I3 1-20  24.0 

* Not used to  determine coefficients i n  jet  centerline  equation. 
'Cold j e t ,  TJ/TINF = 0.9. Not used i n  jet  centerline  equation. 
AHot j e t ,  TJ/TINF = 1.2.  Not used i n  jet  centerline  equation. 
XSpecial  case  for measurement near the  je t   or i f ice .  
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TABLE 111.- VORTEX-CURVE LOCATIONS 

R A R E  LOCATIO4 V O M T t X  CURVE R A N €  LOCATION 

X / O  

6 .88  
6.87 
9.73 

2.35 
2.35 
3.92 
5.96 

2.12 
2.90 
1 .45 

0 . 7 4  

4.02 
1 .os 

10.03 

2.14 
4.03 
7.96 

be75 
9.78 

1.84 
1.84 
3.40 
6 .18  

2.30 
3.80 
3.79 
9.86 

0.12 
0.88 
1.31 
3.98 
9.55 
9.61 

3.05 
4.13 
7.70 
7.92 

Z / D  

2.00 
2.00 
2.b3 

2.20 
2.20 
2 . 0 8  
2.88 

2.11 
2.19 
3.39 

1 .oo 
3.01 
1.87 

4.45 

2.50 
3.13 
3.97 

3.61 
4.73 

1 e97 

3.46 
1.91 

5.17 

3.88 
4.94 
4.94 
8.20 

2.60 
1 .oo 
3.60 
b.5b 
9.10 
9.70 

7.50 
7.94 
9.20 
9.82 

(OEGI 
PWIR 

11.0 
11.0 
9.0 

36.0 
30.0 
19.0 
13.0 

28.0 
22.9 
14.0 

87.8 
35.6 
18.1 
11.1 

19.0 
14.0 
12.0 

25.0 
21 rO 

41.0 
41 10 
37 10 
29.0 

s1.0 
42.8 
39.1 
19.1 

87 ,a 
66.7 
57.0 
35.0 

22.4 
22.4 

28 .a 
33.0 

23.0 
23.0 

Z/O s /o  PWIV 
CDEGJ 

U I N F  X / D  2/3 
( H 1 8 1  CUEGI 

P H I V  

7.9 
7.9 

11.6 
11.6 
8.0 

11.7 
8.0 

11.7 
1 1  .I 
0.1 
8.0 

11.2 
11.2 
7.9 

15.4 

22.8 
22.7 
15.9 

25.3 
23.3 
23.3 
16.1 

24.0 
23.9 
64.0 
16.1 
16.3 

22.5 
62.6 
22.5 
15.9 

R m  4 , DELTA= 45 DEG 

13.8 e42  20.00 3.80 

11.5 
13.8 42 20.00 4.30 *42 

42 

41 

42 
* a 2  
42 
a2 

41 
42 
42 

x 43 
x 42 

+ 46 
42 

42 
42 
42 

38 
31 

*I8 
38 

31 
31 

*38  
31 

38 
e21 

x 21 
X 21 
x 21 

+ 21 
38 

*2l 

38 

*38 
38 

38 

7.00 
? . D O  
9.83 

2.00 
2.00 

6.30 
4.30 

2.00 

1 -56  
3 .00  

0.0 
0.59 

10.00 
4-00 

2.00 

8.00 
0.00 

7.00 
10.00 

2.00 
2.00 
4.00 
1 . 0 0  

2.00 
4.00 
4.00 
10.00 

0.0 
0.85 

4.00 
1.24 

9.50 
9.50 

3.00 
4.00 
8.00 
8 . 0 3  

* N o t  

I 8  4 v DELTA. b o  OEG 

25.2 
25.2 

*a2  10.00 3.88 
42 10.00 3 .30  

19.1 42 19.84 4 .15  
15.3 

1.59 2.34 
1.59 2.33  

2.31 4.04 
3.05 6-17 

10.0 9 , 6 8  4.05 10.20 
10.0 9.w 4.01 10.29 

1 . 0  19.75 5.47 20.21 

Rm 4 , DELTA. I5 DEG 

27.6 
23.1 
13.7 

42 10.00 4.00 
42 20.00 5.45 

8.9  9.94 4.40 10.47 
0 .0  19.91  5.b8 20.64 

Rm 4 , DELTA. 90 OEG 

0.0 42 10.00 4 . 4 5  
0.0 A42 10.00 4.45 

11.7 a 4 2  19.88 7.00 
4 2  19.78 4.15 19.3 

11.1 10.00 4.45 10.13 
11.1 10.00 4.43 10.14 

27.3 
19.2 
13.2 

2109 2.9b 
3-01 5.00 
4.lb 9.09 

e42  10.75 4.55 10.0 10.75 4.Sb 11.94 
42 10.75 4.55 10.0 10.77 4.43 11.96 
42 20.34 5.97 7.0 10.41 5.58 21.13 

R m  8 , DELTA8 45 DE6 

24.9 
21.4 

38 19.99 7.37 15.1  19.07 1 - 8 2  21.36 

R m  8 , DELTA. bO OEG 

2.15 2.17 
2.15 2.17 
4.25 4.15 
5 .56  8.17 

44.9 
44.9 

27.0 
34.6 

138 9.9s b.50 
38 10.00 b.50 
38 19.98  9.bb 

24.0 9.76 6-87  11.45 
20.0 9.01 6.94 11.51 
lY.O 19.45 9.75 22.22 

Rm 8 I DELTAS 7 5  OEG 

45.8 
37.0 
37.1 
23.4 

131 10.00 8.20 

38 10.00 8.20 
37 20.00 I1.YO 

*31 10.00 8.20 

R m  8 , DELTA- 90 OEG 

0.0 &21 9.50  9.70 
0.0 *31 9.50 9 .70  
0.0 
37.1 *38  20.01 14.00 

37 9.50  9.72 

2 Y . O  38 20.02 11.75 
23.9 

22.4 9.55 9 - 5 7  13.31 

22.4 9.54 9.bJ lS.S4 
lS.7 20.51 12.92 24.b4 

22.0  9.b0  9.45  13.40 

15.7  19.18  12.24  20.23 

~-~ 
3.54 0;0 
6-59 7.00 
9158 13.36 
,9144 13.41 

8 DELTA8105 OEG 

7.42 7.79 
7.69 9.16 

1 O e O ?  13.55 
9.90 13.31 

40.8 
SS.? 
2b.5 
26.1 

19.0 10.b0 10.I4 lb.09 
19.0 10.52 1O.Vb 16.41 
19.0 10.67 10.11 16.49 
14.0 20.46 13.>6 26.93 38 iOi50 13.49 

.Q 

used  to  determine  coefficients  in  vortex-curve  equation. 
+Cold  jet, TJ/TINF = 0.9.  Not  used  in  vortex-curve  equation. 
&Hot  jet, TJ/TINE' = 1 .2 .  Not  used  in  vortex-curve  equation. 
XSpecial  case for measurement  near  the  jet  orifice. 
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TABLE IV.- PARAMETER VALUES FOR JET CENTERLINE AND VORTEX-CURVE EQUATIONS 

I n v e s t i g a t i o n  

1. Reference 20:a 
C e n t e r l i n e ,   e q u a t i o n   ( 2 )  
v o r t e x   c u r v e ,   e q u a t i o n   ( 2 )  

2. Present   s tudy:b  

R = 4 and 8 
R = 4  
R - 8  

Vor tex   curve  - 
R = 4 and  8 
R = 4  
R = 8  

3. Present   s tudy:b  

R = 4  and  8 
R = 4  
R = 8  

Cen te r l ine   (w i thou t  j e t  core) - 

C e n t e r l i n e   ( w i t h  j e t  core) - 

a 

0.975 
.3 52 

0.866 
.866 
.866 

.311 

.311 
.311 

1.482 
1 ,482 
1.482 

b 

0.909 
1.122 

0.858. 
.924 
.845 

1.153 
1.114 
1.1  58 

0.520 
.521 
.527 

C 

0.339 
.429 

0.438 
.393 
.451 

.444  

.466 

.439 

0.395 
.353 
.405 

- 
d 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

8.09 
"" 

"" 

0.19 
.26 

0.62 
.42 
.66 

.44 

.38 

.49 

0.36 
.35 
.28 

aValues  obtained a t  R = 3, 4 ,  5,  6, 8 ,  and  10  and a t  6 = 90°. 
h a l u e s   o b t a i n e d  a t  6 = 4S0, 60°, 7S0, 90°, and 105O. 



Figure 1 .- Sketch of the j e t  plume. 
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Figure 2.- Experimental  arrangement in V/STOL tunnel for  jet  in  cross-flow  experiment. 
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Figure 3 . -  Jet plenum  and  nozzle. 
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Figure 4 . -  Exit  plane  boundary-layer  profiles. 
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F igure  4.-  Concluded. 
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127 



20 

15 

t / D  

10 

5 

0 

R = q  DELTFI= 105 
0 

"_ C E N T E R L I N E  
0 PRESENT  STUDY 

- VORTEX  CURVE 
[3 PRESENT  STUDY 

0 5 10 1s 
XI0  

(a) Concluded. 

Figure 9.- Continued. 

128 

i i i i i iKKiKIi  i i  i lM 

20 25 



W ’  
. .  

20 

15 

Z/D 
10 

5 

0 

R=8 D E L T A = 4 5  
0 

”- C E N T E R L I N E  
0 PRESENT  STUDY 
- VORTEX  CURVE 

PRESENT  STUDY 

20 

15 

Z / D  

10 

5 

0 

-5 0 5 10 15 20 25 
X/D 

R=8 DELTA=GO 
”_ CENTERLINE 
0 PRESENT  STUD7 

-5 0 5 10  15 20 25 

X / D  

(b) Effective  velocity  ratio of 8. 

Figure 9.- Continued. 

1 29 



0 
R=8 D E L T A = 7 5  

"_ C E N T E R L I N E  
0 PRESENT  STUDY c 

15 

Z / D  

10 

- 

- VORTEX  CURVE 
[3 PRESENT  STUDT 

I I I I 

-5 0 5 10 15 20 25 
X/D 

20 

0 PRESENT  STUDY 
15 

Z/O 

10 

5 - VORTEX  CURVE 
[13 PRESENT  STUDY 
A REF. 20 

0 
-5 0 5 10 15 20 25  

X / D  

(b) Continued. 

Figure 9.- Continued. 



20 

15 

10  

5 

0 

R=8 DELTfl=l05 
0 

8 
,/' 

I 

Y I \ 

"_ CENTERLINE 
0 PRESENT  STUDY 

- VORTEX  CURVE 
Cl PRESENT  STUDY 

-5 0 5 10 15 20 25 
X / D  

(b) Concluded. 

Figure 9 .- Concluded. 

131 



1 .  Report No. 
NASA TP-1506 

2. Government  Accession No. I 3. Recipient's Catalog No. 

4. Tltle and Subtitle 5. Report Date 

VELOCITY  FIELD  OF  A  ROUND JET IN  A  CROSS  FLOW  FOR 
VARIOUS JET INJECTION ANGLES AND VELOCITY  RATIOS 

October 1979 
6. Performing  Organization  Code 

7. Author(s1 8. Performing Organization Report No. 

Richard L. Fearn  and  Robert P. Weston L-12775 
10. Work Unit No. 

9. Performing  Organization Name and  Address 505-1  1-23-05 
NASA  Langley  Research  Center 
Hampton, VA 23665 

1 1 .  Contract  or Grant No. 

13. Type of Report and  Period  Covered 

12. Sponsoring  Agency Name and  Address Technical  Paper 
National  Aeronautics  and  Space  Administration 
Washington, Dc 20546 

14. Sponsoring  Agency  Code 

15. Supplementary Notes 

Richard L. Fearn,  University  of  Florida,  Gainesville,  Florida. 
Robert P. Weston,  Langley  Research  Center. 

16. Abstract 

An  experimental  investigation  of  a  subsonic  round  jet  injected  from  a  flat  plate 
into  a  subsonic  crosswind  of  the  same  temperature  has  been  conducted  in  the  Langley 
V/STOL  tunnel.  Velocity  and  pressure  measurements  in  planes  perpendicular  to  the 
path  of  the  jet  are  presented  for  nominal  jet  injection  angles  of 45O, 60°,  7S0, 
90°, and 105O and  for  jet/cross-flow  velocity  ratios  of 4 and 8. These  velocity 
measurements  were  obtained  for  the  purpose  of  inferring  the  properties  of  the  vor- 
tex  pair  that  is  associated  with  a jet in  a cross flow. Jet centerline  and  vortex 
trajectories  are  determined  and fit with an empirical  equation  that  includes  the 
effects  of  jet  injection  angle, jet  core  length,  and  jet/cross-flow  velocity  ratios. 

7. Key Words  (Suggested by  Author(s)) 18. Distribution  Statement 

Jet in  a  cross  flow 
Velocity  field 
Subsonic  cross  flow 

Unclassified - Unlimited 

Jet plane 
Subject  Category 34 

9. Security Classif. (of this report) 22. Price' 21. No. of Pages 20. Security Classif. [of this p a g e )  

Unclassified $7.25 1 31 Unclassified 

' For sale by the  Nahonal  Technlcal  lnformatlon  Service.  SgrlnRlleld.  Vlrplnla 22161 - - 
NASA-Langley, 1979 


